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A  DESCRIPTION 

OF  THE 

FOSSIL  ECHINOIDEA 

OF 

WESTERN     S  I  N  D. 


L  Introductory  Remarks  on  previous  Works  relating  to  the  Fossil  Echinoidea  of  Sind. 

TnE  museum  of  the  Geological  Society  of  London  contains  two  collections  of  fossil 
Echinoidea  from  Sind  ;  and  in  one  of  them  there  are  numerous  species  from  Cutch. 
One  collection  was  made  and  described  by  Captain  Grant. 

The  other  collection  was  described  by  MM.  d'Archiac  and  Jules  Haime  in  their 
great  work  entitled  'Description  des  Animaux  Fossiles  du  groupe  Numtnulitique  de 
l'Indc.'  It  was  beautifully  illustrated  in  that  work.  The  value  of  the  monograph,  to 
labourers  in  the  same  field  of  research,  is  immense ;  but,  unfortunately,  the  localities 
whence  the  fossils  were  derived  and  their  correct  geological  position  were  not  known  to 
the  illustrious  authors.  Moreover  their  labours  were  rendered  all  the  more  arduous 
by  the  unsatisfactory  condition  of  most  of  their  specimens.  When  such  rarities  as 
fossils  from  India  came  before  geologists,  some  years  ago,  species  and  genera  were 
attempted  to  be  distinguished  by  the  study  of  specimens  on  which  no  trouble  would 
have  been  spent,  had  they  been  derived  from  well-known  European  strata.  The  result 
has  been,  that  many  of  the  species  described  by  MM.  d'Archiac  and  Jules  Haime 
cannot  be  accepted  now ;  and,  moreover,  when  their  types  are  compared  with  their 
delineations,  a  considerable  amount  of  imagination  must  be  conceded  to  have  influenced 
their  artist 

Tlie  specimens  described  by  MM.  d'Archiac  and  Jules  Haime  had  been  collected, 
without  regard  to  stratigraphy,  by  Captain  Vicary  and  Mr.  Blagrove  and  others;  and 
whilst  some  fossils  came  from  somewhere  out  of  the  vast  depth  of  Xummulite- 
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bearing  rocks  in  Western  Sintl,  others  were  derived  from  later  tertiarics.  None  tame 
from  the  lowest  series  of  rocks,  the  fossil  Echinoidea  of  which  form  the  subject  of  this 
Part;  but  some  were  derived  from  the  higher  series,  and  will  be  noticed  in  the 
description  of  their  fossils. 

II.  Origin  of  the  Collections  about  to  be  described. 

After  the  completion  of  the  description  of  the  Fossil  Corals  of  Western  Sind  *,  the 
Superintendent  of  the  Geological  Survey,  H.  B.  Medlicott,  Esq.,  F.R.S.,  decided  to 
accede  to  our  request  and  to  send  to  us  for  description  the  magnificent  series  of 
Echinoidea  which  had  been  carefully  collected  by  skilled  collectors  under  the  instruc- 
tion of  Messrs.  W.  T.  Blanford,  F.R.S.,  the  Deputy  Superintendent,  and  Mr.  Fedden, 
F.G.S. 

The  specimens  we  found  to  be  numerous,  usually  in  a  good  state  of  preservation, 
and  to  have  had  their  geographical  and  stratigraphical  positions  carefully  recorded. 
They  had  been  obtained  from  all  the  fossiliferous  horizons  which  had  yielded  fossil 
coials  to  the  Survey ;  and,  moreover,  there  was  a  collection  included  from  the  tertiarics 
of  Cutch. 

Anticipating  that  the  examination  of  the  Echinoidea  might  enable  the  geological 
age  of  the  upper  members  of  the  great  tertiary  series  to  be  satisfactorily  determined, 
after  the  more  or  less  definite  statements  which  the  study  of  the  corals  had  necessitated, 
we  asked  for  and  received  a  collection  of  fossils  from  the  Makran  series  of  Baluchistan 
and  the  Persian  Gulf.  Lately  a  small  collection  of  recent  Echinoidea  from  the  coasts 
of  Sind  has  been  sent. 

After  considering  the  work  before  us,  we  agreed,  with  the  sanction  of  the  Superin- 
tendent of  the  Geological  Survey  of  India,  to  bring  out  the  descriptions  in  Parts,  each 
of  which  will  relate  to  the  fossils  of  one  of  the  great  geological  divisions.  Every  fossil 
has  passed  a  careful  examination  by  both  of  us;  we  have  generally  drawn  the  details 
of  the  structures ;  and  many  difficulties  have  been  surmounted  by  a  process  of  careful 
mutual  criticism.  Wc  have,  where  it  has  been  possible,  considered  the  varieties  of 
species  and  the  variations  during  growth. 

III.  The  Stratigraphical  Iiclations  of  the  Deposits  containing  Echinoidea  in 

Western  Sind. 

The  detailed  description  of  the  geology  of  Western  Sind  is  to  Ik?  found  in  the 
Memoirs  of  the  Geological  Survey  of  India,  vol.  xvii.  part  1  (1879),  by  W.  T.  Blanford, 
F.U.S.  &c,  Deputy  Superintendent  of  the  Geological  Survey  of  India ;  and  it  is 
therefore  only  necessary  to  explain  those  parts  of  it  which  relate  to  the  general  succession 
of  the  stratigraphical  series  and  the  position  of  the  strata  yielding  Echinoidea. 

The  mountain-ranges  west  of  the  Indus  run  nearly  north  and  south,  in  irregular 

•  "A  Monograph  on  the  Fossil  Curals  and  Alcyonaria  of  Sind,"  by  1'.  Martin  Duncan,  1'ak'outologia 
ludiea,  wr.  nr.  vol.  i.  pt  2  (1880). 
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parallel  series.  The  longest  range,  the  Khirthar,  is  slightly  curved,  the  concavity  being 
to  the  east ;  and  it  extends  from  slightly  south  of  20'  N.  lat.  to  close  to  28°  N.  lat. 
The  Laki  range,  more  to  the  cast,  is  nearly  coincident  with  the  sixty-eighth  parallel  of 
east  longitude,  and  extends  from  the  Indus  north  of  26°  N.  lat.  to  nearly  a  degree  to 
the  south.  Other  minor  but  nearly  north-and-south  ranges  occur  j  and  the  whole  were 
comprised  by  MM.  d'Archiac  and  Haime  under  the  title  of  the  Hala  range  (a  name 
unknown  to  the  natives). 

The  following  is  the  list  of  geological  formations  in  Western  Sind,  and  which  are 
to  be  recognized  in  one  or  other  of  the  mountain-ranges  •  :— 


Group. 


Approximate 
Thickness. 


Ketnarks. 


Alluvial  . . . 
Maschhar  .  ,  . 


Upper. 
lx>wer . 


at*. 


Nam 


Upper. 

Lower. 
Upper. 

IiOWCr  . 


feet. 
I 

.1000   

3000-5000  . . 

1000-1600 . . 

4000-0000  .  . 

100-1500  . . 
500-3000  . . 

8000?  

8000   


Post-Tertiary. 
Pliocene. 

Old  Pliocene  or  Upper 

Miocene. 
Miocene  


Oligocene. 


Trap   

f\  Cartiita  Htaumonti 

j  I  bed*. 
CRETACiors  J\  Sandstone*  

J    Limestones  with 

{\  llippurites. 


to  90  .  .  . 
350-450 


Xummulitic   

Lower  Nummulitic 

Decenn  Trap. 
Transition  beds  . . . 


roo . 
m. 


i.  n.-taeeous 


Unfossilifertms. 
Vertebrate  remains. 

Coralliferous ;  no  Num- 

BBttKtef  i 
Unfossilit'crous 

Coralliferous,  with  Xum- 
multirt 

le, 


FossilifcroHS.  Corals  and 
Nummi 


Fnssiliferous. 

Horizon  not  determined. 


Explanatory  Sections. — In  the  Laki  range,  south-west  of  Amri  on  the  Indus, 
are  dark-coloured  hills,  which  contrast  with  the  cliffs  of  grey  and  white  Numinulitic 
limestone  behind  them.  A  section  close  to  the  hill  called  Barrah,  is  given  by  W.  T. 
Blanford,  F.R.S. ;  and  it  shows  that  the  range  consists  of  three  parallel  ridges  (see 
fig.  1,  p.  G). 

The  outer,  to  the  east,  is  composed  of  Tertiary  rocks;  while  the  intermediate  one 
consists  of  Cretaceous  beds,  faulted  to  the  eastward  against  the  Lower  Eocene  strata, 
and  dipping  under  them  to  the  westward. 

This  section  shows  the  normal  sequence  of  the  groups  of  strata  from  the  Cretaceous 
to  the  Khirthar  inclusive.  Above  the  Nummulitic  limestone  of  this  last  group,  the 
Nari  and  Oaj  series  are  wanting,  and  the  Manchhar  succeeds  f. 

On  the  Gaj  river,  in  the  Khirthar  range,  W.  T.  Blanford  remarks  that  a  thick- 
ness of  at  least  25,000  feet  of  strata  is  exposed  (see  fig.  2,  p.  G).  The  succession  from 
west  to  east  is: — unfossiliferous  strata,  probably  of  Cretaceous  age,  followed  by  Khirthar 


•  From  the  Memoir  by  Blanford,  p.  32,  slightly  modified. 
T  .Memoirs  Geol.  Survey  of  India,  toI.  xvii.  pt.  I,  p.  131. 
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strata  (the  Ranikot  scries,  the  lowest  Eocene,  being  absent) ;  then  the  lower  and  upper 
Nari  series  come  in,  and  are  followed  by  the  Gaj  and  the  Manchhar  deposits. 

The  lowest  deposits  containing  Echinoidea  occur  in  the  soft  olive  shales  and  sand- 
stones with  volcanic  ash,  belonging  to  the  Cardita  Beaumonti  series  below  the  trap. 
The  accompanying  remains  are  those  of  Amphiccelian  (Wodilia  and  CoraU,  Caryo- 
phyllia  compressa,  C.  Indica,  Trochocyattim  Lakii,  Smilotrockus  Jakhmari,  S.  Blanfordi, 
a  Mylophora,  Rhabdophyllia  Barkii,  and  Litharcea  epithecata.  The  deposit  was  neither 
a  reef-structure  nor  a  deep-water  one. 

The  lower  part  of  the  Ranikot  series,  resting  immediately  on  the  trap,  consists  of 
soft  sandstones,  shales,  clays  with  gypsum  and  lignite,  and  pyritous  shale.  A  few  frag- 
ments of  bones  and  some  dicotyledonous  leaves  occur.  These  freshwater  strata  are 
succeeded  by  highly  fossiliferous  marine  limestones,  often  brown  in  colour,  interstratified 
with  sandstones,  shales,  clays,  and  ferruginous  bands. 

Nummulites  appear  for  the  first  time  ;  and  there  is  a  grand  development  of  Corals, 
Echinodermata,  Gasteropoda,  and  Cephalopoda.  It  was  not  a  very  deep-water  forma- 
tion. Erosion  of  the  surface  of  the  Ranikot  strata  occurred  before  the  deposition  of 
the  next  series. 

The  Khirthar  scries  includes  in  its  highest  portion,  a  massive,  pale  or  dark  grey, 
hard,  compact  Nummulitic  limestone  whose  extreme  thickness  is  3000  feet.  It  thins 
out  to  the  south-west,  and  disappears  within  a  distance  of  twenty-five  miles  of  its 
greatest  development.  Other  Nummulitic  limestone-beds  are  found,  which  may  be 
lower  in  the  scries  ;  and  they  and  the  main  group  are  represented  elsewhere  by  shaly 
limestones  and  sandstones  with  calcareous  bands.  In  some  districts  flint  occurs  in  a 
limestone  with  Alveolinm.  The  lower  members  of  the  scries  are  often  wanting,  and 
are  well  represented  by  shales,  marls,  and  sandstones;  and  where  these  are  present 
unconformity  with  the  underlying  Ranikot  beds  is  not  seen ;  but  where  they  are  absent 
the  Nummulitic  limestone  (as  in  the  l,aki  range)  rests  unconformably.  The  compact 
limestone  is  of  course  highly  fossiliferous ;  but  it  has  not  yielded  very  good  specimens 
of  Corals.  The  indications  of  a  fringing-reef-building  fauna,  or  a  bank  of  coral,  are 
distinct;  but  the  species  when  compared  with  their  modern  analogues  do  not  indicate 
a  great  recf-dcvclopment.  Amongst  other  fossils,  Lamellibranchiata  prevail,  and  the 
Echinoidea  are  numerous ;  but  the  Nummulites  and  Orbitolites,  Alveolina,  and  Patel- 
Una?  are  the  most  important  organic  remains.  Amongst  the  Nummulites  there  are 
jV.  Ramondi,  N.  biaritzensis,  N.  Beaumonti,  X.  granulosus,  and  N.  Leymeriei. 

The  Nari  scries  rests  conformably  on  the  Khirthars ;  and  there  is  occasionally  an 
apparent  passage  from  the  Khirthar  limestone  into  a  yellow  or  brown  rock  of  the  Nari 
group.  There  is,  however,  a  biological  break  ;  for  the  Nummulites  of  the  upper  group 
are  characteristic,  and  differ  from  those  of  the  lower.  The  Khirthar  forms  are  not 
found,  and  Nummulites  garansensis  appears  with  Orbitoides  papyrarea,  in  the  Nari 
scries.  The  rock  is  a  limestone  with  intercalations  of  sandstones  and  shales.  As  a  rule, 
shales,  fine  sandstones,  and  occasional  bands  of  limestone  form  the  base  of  the  Nari 
group,  and  pass  upwards  into  coarse,  massive,  thick-bedded  sandstones,  attaining  a 


thickness  of  from  4000  to  G000  feet  on  the  eastern  flank  on  the  Khirthar  range. 
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A  local  break  occurs  to  the  south,  and  the  Upper  Nari  beds  rest  unconformably  on 
the  denuded  edges  of  the  Lower  Nari  brown  limestones  ;  and  still  further  south,  fifty 
miles  east  of  Karachi,  there  is  a  well-marked  distinction  between  the  upper  members  of 
the  group  with  Orbitoides  pftpyracea  and  the  lower  with  Xummulites  garamensis ;  and 
in  one  locality  the  upper  member  overlaps  the  lower,  and  rests  on  Khirthar  limestone. 

To  the  cast  of  the  Laki  range  the  Nari  beds  are  wanting,  and  the  Manchhar  series 
rests  uncouformably  on  the  Khirthar,  with  some  pebble-beds  of  the  Gaj  series  inter- 
vening. But  to  the  west  of  the  range  the  Nari  and  the  Gaj  series  are  found  in  their 
normal  sequence ;  and  towards  the  coast  the  exact  distinction  which  can  be  drawn  else- 
where, stratigraphically  and  petrologically,  between  the  Tertiary  series  is  not  possible : 
this  is  mainly  due  to  the  disappearance  of  the  limestone  element  of  the  Khirthar  and 
Nari  series,  and  to  the  prevalence  of  sandstones  and  shales.  The  fossils,  however, 
distinguish  the  groups;  but  the  horizons  of  the  zones  of  Nummulites  and  Orbitoides 
vary,  l>eing  higher  or  lower  in  their  proper  series  according  to  locality. 

The  upper  sandstones  of  the  Nari  group  have  not  yielded  marine  fossils,  and  in 
Upper  Sind  they  contain  the  remains  of  plants. 

The  Nummulites  become  fewer  in  their  species  at  the  base  of  the  Nari  group,  and 
cease  to  be  found  in  the  lower  beds  of  the  succeeding  series,  the  Gaj. 

The  Gaj  group,  with  a  base  of  highly  fossilifcrous  limestones  and  calcareous  beds, 
more  or  less  shaly  and  stratified,  overlies  the  softer  shales  and  sandstones  of  the  Nari 
series.  The  development  of  the  calcareous  series  is  great ;  but  it  is  subordinate  to  an 
arenaceous  element.  The  sandstones  are  intercalated  with  clays  with  gypsum;  and 
shales  and  bands  of  limestone,  highly  coralliferous,  are  very  constant. 

The  Gaj  scries  rests  conformably  on  the  Nari  series ;  although  there  is  a  minera- 
logical  break,  the  passage  is  so  gradual  that  calcareous  bands  of  the  Gaj  series  are  found 
intcrstratined  with  the  uppermost  Nari  sandstone.  The  Gaj  series  overlaps  the  Nari  to 
the  south  and  rests  on  the  Khirthars,  and  is  wanting  in  Lower  Siud  to  the  eastward  of 
the  Laki  range. 

North-cast  of  Karachi  the  series  is  highly  developed,  and  massive  limestones 
occur ;  they  reach  as  far  as  the  coast. 

The  uppermost  beds  of  the  Gaj  series  are  variegated  clays  and  gTey  sandstones, 
which  form  a  passage  into  the  overlying  Manchhar  strata,  and  contain  species  of 
Ostrea,  Corbula,  Area,  Scalaria,  Jiuccinum,  and  Turritella.  A  crab  of  the  genus 
Typilobus  and  Yicarya  Yerneuilii  have  also  been  found  there.  The  oyster  is  like 
Ostrea  multicostata.  The  Echinoderms  are  numerous.  The  Corals  found,  princi- 
pally associated  with  the  limestone-beds,  are  very  different  in  their  aspect  from  those 
of  the  underlying  Nari  group.  They  belong  for  the  most  part  to  reef-building 
genera;  and  some  are  represented  in  modern  reefs  by  allied  species,  which  grow. in 
the  surf  and  in  the  most  exposed  parts.  The  rest  were  dwellers  in  quiet  water. 
Great  masses  of  the  coral  limestone  consist  of  Stephanocaenia  niajrima  in  casts ;  and  the 
presence  of  the  genera  Madrepora,  Haliastraa,  and  J'orites  is  very  significant  of 
shallow-water  conditions. 

Resting  on  the  Gaj  strata  is  the  Manchhar  group ;  and  where  the  Gaj  beds  are 
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wanting,  and  even  where  the  Nari  aeries  is  deficient,  this  upper  group  rests  on  the 
Khirthars.    It  is  not  a  marine  deposit. 

The  general  conformity  of  this  great  tertiary  series  is  evident— although  local 
unconformities  occur,  and  there  is  evidence  in  favour  of  there  having  been  some 
disturbance  of  the  older  rocks  before  the  deposition  of  the  Lower  Manchhar  group. 
The  subsidence  which  took  place  during  the  deposition  of  these  thick  shallow-water 
deposits  was  vast ;  and  there  were  occasional  slight  upheavals.  The  final  epoch  of 
the  mountain-formation  occurred  after  the  deposition  of  the  Manchhars.  The  strike  of 
the  chains  is  in  the  main  north-and-south ;  and  the  thrust  came  from  the  west  to  the 
east,  and  from  east  to  west. 

The  date  of  the  great  mountain-formation  is  subsequent  to  the  deposition  of  the 
sedimentary  strata  forming  the  Upper  Manchhars. 


Fig.  I.— Section  through  Jhirrah  Hill.    (Scale,  1  inch  to  2500  feet.) 


«,  Munchhar  strata,  rest  on  pale  clay*  of  Khirthar  age,  with  MummidUa  Tjtxjmrriti,  and  then  on  Khirthar 
Nummulilic  limestone,  i,  the  beds  dipping  to  the  «,  st.  Thin  limestone  forma  the  eastern  ridge.  Went 
of  the  ridge  is  some  low  ground,  in  which  the  upper  members  of  the  Ranikot  group,  e,  crop  out,  also 
w  ith  a  reversed  dip.  They  end  abruptly  again*!  a  cliff  of  white  and  grey  limestone,  the  boundary  being 
a  fault.  This  limestone,  f,  forms  the  base  of  the  Itarrah  Hills,  and  contains  Hippuriles.  A  great 
thickness  of  sandstones,/,  forms  the  top  of  the  dark-coloured  hills.  On  the  top  of  the  hills  is  a  bed 
containing  oysters  and  fragments  of  apparently  reptilian  bone*.  We»t  of  the  bills  are  olive  shales  with 
Cardita  BtaHmonli,  t.  The  trap,  rf,  follows,  and  then  the  Ranikot  group,  r,  which  is  of  great  thicknwio, 
and  the  Khirthar  limestone,  h. 


Fig.  2. — General  diagrammatic  Section  of  Khirthar  Itange,  on  the  north  lank  of  the 
Gdj  River.    (After  Blanford,  half  size.) 


a,  Indus  plain  i  *,  upper,  c,  loner  Manchhars:  rf,  0»j ;  e,  upper,  and/,  lower  N'ari.    (Abbreviated  from  the  original.) 
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IV.  Description  of  the  Fossil  Echinoidea  from  tits  Strata  below  the  Trap  in  Sind. 

The  Transition  Cretaceous  Series. 

List  of  Species  described. 

From  the  strata  below  the  Trap  containing  Litharaa  epithecata  and  Cardita 

lieaumonti. 

Order  ECHINOIDEA  ENDOCYCLICA. 

Family  C1DAMDJE. 
CnARM,  Klein,  1734. 
Cid»ri»  l»crymula,  Duncan  Sr  Slatlen. 

Onitr  ECHINOIDEA  EXOCYCLICA. 

Suborder  ATELOSTOMATA. 
Family  CASSWULWM. 
Genus  novum  Pijaioi^Jiru. 
Ple»iol»m|»aa  elongsU,  Duncan  Jc  Slwlen. 

Qtnut  EcniXAXTIIPS,  Brryniui,  1732. 
Echiusuthua  pumilus,  Duncan  «J-  Sladen. 

Family  spataxuiDjB. 

Otnut  Listwa,  Merian,  1853. 
Liiithi*  Sind<-n*i«,  Duncan  $  Sladen. 

The  fossil  Echinoidea  collected  by  the  Geological  Survey  of  India  from  the  beds 
beneath  the  Trap  and  underlying  the  Numinulitic  series  were  obtained  from  below 
Jakhmari  peak  in  the  Laki  range  west  of  Amri  and  from  Baiki  nala  north  of  Eaaikot, 
also  in  the  Laki  range. 

None  of  the  Echinoidea  described  by  MM.  d'Archiac  and  Jules  Haime  were 
found  in  these  strata  below  the  Trap. 

Order  ECHINOIDEA  ENDOCYCLICA. 

Family  C1DAMDM. 
Genus  C1DARIS,  Klein,  1734. 
Test  circular,  more  or  less  depressed  above  and  below. 

Ambulacral  areas  narrow,  flexuous.  Poriferous  zones  composed  of  simple  pairs  of 
pores,  non-conjugate,  the  dissepiment  usually  developing  a  more  or  less  prominent 
granuliform  swelling.    Inter  poriferous  spaces  narrow,  bearing  granules  only. 
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Intcrambulacral  areas  wide,  usually  three  or  four  times  the  width  of  the 
ambulacral  areas,  with  two  vertical  rows  of  primary  tubercles.  Primary  tubercles 
large,  perforate  or  imperforate,  crenulate  or  non-crenulate,  rising  from  a  circular  or  oval 
scrobicule,  surrounded  by  a  scrobicular  ring  of  miliaries. 

Apical  system  large,  subcircular. 

Peristome  subcircular,  without  notches. 

Spines  elongate,  robust,  very  variable  in  form  and  ornamentation. 

1.  Cidaris  lacrtmula,  sp.  nov.    Plate  I,  Figs.  1-7. 

Form  circular,  depressed,  tumid  at  the  ambitus,  and  smaller  above  than  below, 
where  there  is  considerable  flattening.  Height  of  the  test  about  one  half  of  the 
diameter. 

Ambulacra  rather  broad  and  slightly  flexuous.  Poriferous  zones  broader  than 
half  the  interporiferous  area,  and  slightly  sunken.  The  pores  are  large  and 
transversely  elliptical,  non-conjugate,  being  separated  by  a  vertical  and  convex  process, 
which  externally  resembles  a  compressed  granule ;  this  merges  aborally  and  adorally 
into  the  general  superficies  of  the  plate,  which  is  continued  around  the  pores  in  more 
or  less  of  a  ridge.  There  are  26  to  27  pairs  of  pores  in  relation  to  two  of  the  largest 
intcrambulacral  plates.  The  interporiferous  (ambulacral)  areas  are  narrow,  and  have 
at  the  ambitus  two  rows  of  small  mamillated  tubercles  placed  close  to  the  pores,  and 
two  rows  of  very  small  tubercles  (miliaries)  between  them.  Near  the  apex  and 
actinostome  these  central  small  tubercles  are  not  seen. 

The  intcrambulacral  areas  are  about  three  times  the  width  of  the  ambulacra  at 
the  ambitus;  and  there  are  two  rows,  of  six  to  seven  primary  tubercles,  in  each 
interambulacrum. 

Primary  tubercles  moderately  prominent ;  mamelons  rather  small  and  somewhat 
depressed,  not  crenulated.  Scrobicules  wide,  circular,  occupying  much  of  the  plate, 
and  only  slightly  sunken ;  the  tubercle  not  greatly  elevated,  surrounded  by  a  complete 
circlet  of  Bmall  mamillated  tubercles,  the  boss  being  somewhat  shield-shaped,  with 
the  truncate  margin  fulling  into  the  scrobicular  circle,  and  the  mamelon  more  or  less 
tear-shaped,  the  tapering  extremity  being  directed  inwards  towards  the  primary 
tubercle.  There  are  about  thirteen  of  these  secondary  tubercles  in  the  ring;  and 
between  each  of  them  alternates  a  small  simple  tear-shaped  miliary  tubercle,  with  the 
fine  extremity  pointed  inwards.  The  miliary  zone  is  narrow,  naked  along  the  suture, 
and  slightly  impressed,  the  ornamentation  consisting  of  one  or  two  series  of  small  tear- 
shaped  granules  which  are  placed  external  to,  and  alternate  with,  those  of  the 
scrobicular  ring  above  mentioned.  On  the  aboral  and  adoral  margins  of  the  inter- 
ambulacral  plates,  however,  there  is  only  room  for  the  accommodation  of  the  granules 
of  the  scrobicular  ring ;  and  as  the  plates  approach  the  actinostome  the  adoral  margin 
even  of  this  is  more  and  more  encroached  upon.  On  the  side,  between  the  ring  and 
the  poriferous  zone,  there  is  seldom  more  than  a  single  series  of  the  small  miliary 
granules  supplementary  to  those  of  the  ring. 

Peristome  rather  small,  margins  more  or  less  inturned.   Apical  disk  comparatively 
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large.  The  preservation  of  the  specimens  unfortunately  renders  any  further  details 
unobtainable.    Radiolcs  unknown. 

Dimensions  M  of  the  larger  specimen  ^  inch.  Height  of  the  smaller  speci- 
men     inch.    -      .1th  inch. 

Locality.  Below  Jakhmari  peak,  Laki  range,  west  of  Amri.  Survey-number 

Benwrls.  There  are  two  specimens  of  this  Cidaris,  one  small  and  without  its 
apical  system,  and  the  other  more  fully  grown  but  more  or  less  crushed.  They  belong 
to  the  same  species. 

Illustrations  of  the  Species  in  Plate  I. 

Fig.  1.  The  test,  seen  in  profile:  natural  size. 

2.  The  same :  magnified. 

3.  A  portion  of  the  ambulacral  area  :  magnified. 

4.  Profile  outline  of  the  same. 

5.  Interambulacral  plate  :  magnified. 

6.  A  primary  tubercle,  seen  in  profile :  magnified. 

7.  A  portion  of  the  scrobicular  ring,  showing  the  shield-shaped  boss  of  the 

tubercle  and  the  tear-shaped  mamelon :  magnified. 


Order  ECHINOIDEA  EXOCTCLICA. 

Suborder  ATKLOSTOMATA. 
Family  CASSIDULIDM 
Genus  PLESIOLAMPAS,  gen.  nov. 

Test  oval,  elongate,  depressed,  gently  convex  above,  concave  beneath  around  the 
peristome ;  actinal  surface  and  margins  tumid. 

Ambulacra  subpetaloid,  unequal,  widely  open  at  the  extremities.  Poriferous  zones 
almost  straight,  subequal.    Pores  round,  subequal,  the  outer  slightly  elongate. 

Apical  system  compact,  excentric  in  front. 

Peristome  subcentml  or  slightly  excentric  in  front,  subpcntagonal. 

Poriferous  zones  continued  on  the  actinal  surface  in  single  pores ;  a  few  supple- 
mentary ones  present  near  the  peristome ;  floscellc  rudimentary. 

Periproct  larger  than  peristome,  inframarginal,  oval,  placed  longitudinally. 

Tubercles  numerous,  small,  non-mamillatcd,  imperforate,  non-crenulate,  completely 
sunken  in  deep,  wide  scrobicules  ;  miliary  granulation  compact. 

The  genus  to  which  the  present  form  is  most  nearly  related,  is  R-hinotumpas,  of 
which,  indeed,  the  fossil  might  at  first  sight  almost  be  regarded  as  an  abnormal  species. 
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On  examination,  however,  it  is  found  to  differ  from  Eckinofampaa  in  so  many  points 
that  we  feel  compelled  to  regard  it  as  the  type  of  a  new  genus. 

Plmolampas  differs  from  Echinolampaa  in  its  almost  straight  ambulacra,  its 
subequal  poriferous  zones,  its  round,  nearly  equal  pores,  its  periproct  placed  longi- 
tudinally, its  mouth,  and  the  absence  of  a  definite  rloscelle,  and,  lastly,  its  imperforate 
tubercles. 

The  large  longitudinal  periproct  of  Plesiolampas  recalls  Amblypygus,  from  which, 
however,  the  present  genus  is  easily  distinguished  by  the  form  of  the  test,  the  characters 
of  the  ambulacra  (above  mentioned),  the  single  pores  on  the  ambulacral  plates  of  the 
actinal  surface,  and  the  character  of  the  peristome,  which  in  the  new  form  is  sub- 
pentagonal  or  transversely  elongate  and  certainly  not  oblique. 

No  other  C'assidulid  appears  to  approach  sufficiently  near  to  need  comparison. 

This  genus  is  also  represented  in  the  Ilanikot  scries  above  the  Trap  in  Sind. 

1.  PLESIOLAJirAS  elongata,  sp.  iiov.    Plate  I,  Figs.  8-16. 

General  form  elongate,  depressed,  convex  above,  tumid  at  the  sides  and  in  front, 
slightly  rostrated  behind.  Actinal  surface  sunken  round  the  peristome,  otherwise  convex. 
Marginal  contour  nearly  elliptical,  rather  more  rapidly  tapering  behind  than  in  front, 
and  also  slightly  truncate.  The  longitudinal  profile  shows  the  apical  summit  to  be 
slightly  excentric  in  front,  and  more  so  than  the  peristome ;  the  posterior  slope  is  very 
gradual  until  it  reaches  the  margin,  where  it  is  roundly  curved  over  the  posterior 
rostration ;  the  anterior  slope  is  much  more  rapid,  and  the  rounding  of  the  upper 
portion  of  the  margin  less  bombous.  The  transverse  profile  shows  the  dorsal  area  to  be 
evenly  rounded,  not  conoid ;  and  the  lateral  slopes  are  more  rapid  than  either  of  the 
slopes  of  the  longitudinal  profile. 

The  apical  system  corresponds  with  the  apical  summit  of  the  test,  the  distance 
from  the  centre  of  the  system  to  the  anterior  margin  being  about  40  per  cent,  of  the 
length. 

There  are  four  generative  pores,  which  are  large ;  the  anterior  pair  round,  and  the 
posterior  pair  elongate  and  subpyriform  and  larger  than  the  anterior  pores.  The 
ocular  plates  and  pores  are  exceedingly  small.  The  madreporiform  body  occupies  the 
whole  of  the  centre  of  the  system. 

The  ambulacra  are  narrow,  straight,  flush  with  the  surface  of  the  test,  widely  open, 
and  do  not  reach  the  margin,  the  posterior  pair  being  the  most  remote  from  it.  The 
postero-lateral  ambulacra  are  rather  longer  than  the  anterolaterals ;  but  these  latter 
urc  perhaps  slightly  broader,  and  the  odd  anterior  ambulacrum  is  a  shade  narrower 
than  either  of  the  others.  The  anterior  pair  form  an  angle  of  135'  with  one  another, 
and  the  posterior  pair  an  angle  of  GV,  this  latter  being  the  index  of  the  odd  posterior 
interradium.  The  shape  of  the  odd  anterior  ambulacrum  and  of  the  posterior  pair  is 
that  of  a  straight  narrow  band,  converging  regularly  and  somewhat  rapidly  to  the  small 
extremity  at  the  apical  pole ;  and  their  breadth,  at  the  widely  open  extremity,  is  only  the 
slighest  degree  narrower  than  the  breadth  at  the  widest  portion  across  the  middle  of 
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the  petal.  In  the  anterior  lateral  petals  the  posterior  zone  is  slightly  curved  outward, 
whilst  the  anterior  one  is  straight. 

The  poriferous  zones  are  narrow  and  of  uniform  breadth  throughout,  excepting 
the  normal  diminution  of  size  at  the  extremity  as  they  approach  the  apical  pole.  The 
breadth  of  the  poriferous  zone  is  rather  more  than  half  the  breadth  of  the  interpori- 
ferous  area.  The  pores  arc  almost  equal,  the  inner  pores  of  a  zone  being  round,  the 
outer  ones  very  slightly  elongated  transversely — so  slightly,  however,  that  it  is  scarcely 
perceptible.  The  pores  are  very  faintly  conjugate ;  for  the  furrow  between  them  is 
most  faint,  and  is  produced  merely  by  the  bevelling  of  the  narrow  dissepiment.  This 
dissepiment  is  of  uniform  breadth  throughout  the  zone.  In  the  postero-lateral  ambulacra 
the  anterior  zone  has  43  pairs  of  pores,  and  the  posterior  zone  has  only  one  pair  less ;  in 
the  anterolaterals  the  anterior  zone  has  35  or  36  pairs  of  \vorcs,  and  the  posterior  zone 
one  pair  less.  The  odd  anterior  ambulacrum  has  probably  nearly  the  same  number 
of  pores ;  but  it  is  impossible  to  state  this  definitely,  owing  to  the  outer  portion  of  the 
petal  being  concealed.  The  series  of  double  pores  (or,  in  other  words,  the  petals) 
terminate  abruptly  at  about  one  third  of  the  distance  from  the  margin  to  the  apex. 
A  series  of  only  single  microscopic  pores  is  carrie  d  forward  over  the  ambitus ;  and  there 
is  scarcely  any  increase  in  size,  until  half  of  the  actinal  portion  of  the  ambulacrum  has 
been  traversed ;  they  then  iucrease  in  size  and  proceed  to  the  peristome,  there  being  still  a 
single  pore  to  a  plate.  At  the  oral  extremity  of  the  ambulacrum  there  are  traces  of 
two  or  three  supplementary  pores,  which  are  probably  the  indications  of  an  incipient  or 
rudimentary  phyllode.  Unfortunately  the  preservation  of  this  portion  of  the  test  is 
not  such  as  to  allow  of  definite  determination.  The  ornamentation  of  the  inter- 
poriferous  area  within  the  petal  is  similar  to  that  of  the  interambulacral  plates,  and 
consists  of  rather  widely  spaced,  small  primary  tubercles,  non-crenulate,  sunken  in  a 
wide  and  deep  scrobicule,  the  interspaces  being  filled  with  a  miliary  granulation,  and 
which  has  become  confluent  to  a  great  extent,  owing  to  dense  crowding.  The 
scrobicules  are  as  wide  as,  or  wider  than,  the  ambulacr.il  plates  ;  and  they  do  not  occur 
upon  every  plate  in  the  series,  but  are  usually  separated  by  one  or  two  blank  plates,  the 
arrangement  of  the  tubercles  being  quite  irregular. 

In  the  interradial  areas  on  the  abactinal  portion  of  the  test  the  plates  are  com- 
paratively broad,  and  have  a  sharp  angular  bend.  The  plates  are  uniformly  covered 
with  primary  tubercles  and  intermediate  granulation  similar  to  that  already  mentioned, 
excepting  that  perhaps  the  scrobicules  and  their  contained  tubercles  are  slightly  larger. 
The  tubercles  are  rather  wide  apart ;  but  at  no  place  is  the  intermediate  granulation 
equal  in  breadth  to  the  diameter  of  the  scrobicule.  About  four  irregular  alternating 
horizontal  lines  of  primaries  may  be  traced  on  a  plate.  The  interradial  plates  are 
equal  in  length  (depth)  to  six  or  seven  of  the  ambulacral  plates  at  the  middle  of  a 
petal.  On  the  actinal  surface  of  the  test  the  scrobicules  are  somewhat  larger  than 
those  in  the  abactinal  area ;  they  are  also  more  closely  placed,  and  the  intermediate 
granulate  portion  is  much  narrower,  frequently  not  more  than  the  breadth  of  a  single 
series  of  granules. 

The  peristome  is  slightly  excentric  in  front,  small,  and  deeply  sunken.    It  appears 
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to  be  subpentagonal  in  shapo ;  but,  owing  to  the  condition  of  the  specimen,  it  is 
impossible  to  determine  with  accuracy  the  details  of  the  form  and  structure  of  this  and 
the  adjacent  parts  of  the  test.  There  appears  to  have  been  no  development  of  the 
peristomial  interambulacral  {dates  (bourrclcts),  although  it  is  probable  that  a  rudi- 
mentary floscelle  was  formed  by  the  small  incipieut  phyllodcs  above  referred  to. 

The  periproct  is  large,  elongate,  oval  or  subpyriform,  the  long  axis  placed  longi- 
tudinally, half  on  the  margin  and  half  on  the  actinal  surface  of  the  test,  quite 
invisible  from  above,  and  overarched  by  the  slight  posterior  rostration  of  the  odd 
posterior  interradium.  It  measures  about  one  quarter  of  an  inch  in  length,  and  is  much 
larger  than  the  mouth.  Too  great  importance,  however,  must  not  be  placed  upon  the 
actual  measurement,  as  the  margin  of  the  aperture  has  been  to  a  certain  degree 
modified  by  damage,  either  previous  to  fossilization,  or  during  the  process  of  clearing 
from  the  matrix  when  found. 

Dimensions.  Length  of  the  specimen  l^j  inch ;  breadth  1^  inch;  height 
\  inch. 

Distance  of  apical  system  from  posterior  edge  f$  inch. 

Locality.  Below  Jakhmari  peak,  Laki  range,  west  of  Amri.  Survey-number 

G  M 

Illustrations  of  the  Species  in  Plate  I. 

Fig.  8.  Abactinal  aspect  of  the  test :  natural  size. 

9.  Actinal  aspect  of  the  test :  natural  size. 

10.  Outline  of  the  longitudinal  profile  of  the  test. 

11.  Outline  of  the  transverse  profile  of  the  test. 

12.  Apical  system  :  magnified. 

13.  A  portion  of  the  ambulacml  and  interambulacral  areas  :  magnified. 

1 4.  Part  of  an  ambulacrum  near  the  peristome :  magnified. 

15.  Tubercles  on  the  abactinal  surface  :  magnified. 

16.  Tubercles  near  the  ambitus :  magnified. 

Genus  EC1IINANTIIUS,  Breynius,  1732. 

Test  oval,  elongate,  subdeprcssed,  more  or  less  convex  above,  and  slightly  concave 
below ;  margins  tumid. 

Ambulacra  petaloid ;  petals  short,  unequal,  widely  open  at  their  extremity.  Pori- 
ferous zones  subequal,  with  pores  round  or  oblong  ;  pairs  conjugate,  united  by  a  groove. 

Apical  disk  compact,  excentric  in  front. 

Peristome  subpentagonal,  more  or  less  excentric  in  front;  floscelle  more  or  less 
developed. 

Periproct  oval,  often  vertically  elongate,  marginal  or  supramarginal,  placed  at  the 
summit  of  a  more  or  less  well-developed  groove. 

Tubercles  small,  crowded,  perforate,  non-crenulate,  sunken  in  a  deep  scrobicule ; 
miliary  granulation  more  or  less  compact. 
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1.  Echinanthus  PUMILU8,  sp.  nov.    Plates  II  &  III. 

General  form  depressed,  longer  than  broad,  convex  above;  sides  high,  rounded 
and  tumid ;  actinal  surface  slightly  concave  towards  the  mouth.  Marginal  contour 
rather  widely  oval,  broadest  posteriorly,  slightly  truncate  at  the  posterior  extremity, 
and  faintly  incised  by  the  shallow  infraperiproctal  groove.  The  longitudinal  profile 
shows  the  apical  summit  excentric  in  front,  the  posterior  slope  very  slight  indeed,  the 
anterior  one  rather  more  rapid  and  rounded,  and  the  whole  dorsal  area  comparatively 
flat,  in  consequence  of  the  uniformly  high,  thick  margin  or  sides,  equally  rounded 
above  and  below.  The  transverse  profile  a  regular  curve,  of  slight  elevation,  very 
faintly  conoid  over  the  apical  summit.  Posterior  extremity  slightly  truncate,  almost 
vertical.  Periproct  elongate,  oval,  vertical,  situated  at  the  extreme  top  of  the 
extremity,  the  margins  above  and  laterally  being  slightly  cariuate,  whilst  an  extremely 
faint  groove  is  developed  below,  which  dies  out  as  it  passes  over  the  margin  onto  the 
actinal  surface. 

The  apical  system  corresponds  with  the  apical  summit  of  the  test,  is  excentric  in 
front,  the  distance  from  the  centre  of  the  system  to  the  anterior  margin  being  about 
40  per  cent,  of  the  length.  The  generative  pores,  four  in  number,  are  large ;  the 
anterior  pair  closer  than  the  posterior,  the  large  madreporiform  body,  which  occupies 
the  space  between,  being  covered  with  miliaries.  The  ocular  plates  are  large,  although 
their  pores  are  very  small.  The  anterior  ocular  plate  fits  in  between  the  anterior 
generative  plates,  and  also  the  ocular  plates  of  the  autero-lateral  ambulacra  . hetween 
the  anterior  and  posterior  genital  plates.  The  posterior  ocular  plates  do  not  come  so 
far  within  the  posterior  generative  pair,  and  arc  themselves  separated  by  the  intrusion 
of  the  madreporic  body. 

The  ambulacra  are  narrow,  rather  short,  and  nearly  equal,  the  posterior  being 
slightly  longest.  All  are  subpetaloid  and  open  externally,  the  posterior  pair  ending  a 
little  nearer  the  margin  than  halfway  from  the  apex,  the  other  ambulacra  approaching 
the  ambitus  more  closely.  The  anterior  ambulacrum  is  a  shade  narrower  than  the 
others ;  and  the  poriferous  zones  do  not  approximate  as  they  approach  the  ambitus, 
so  as  to  form  a  petaloid  interporiferous  area,  the  breadth  of  which  in  this  ambulacrum 
is  as  great  at  the  distal  extremity  as  at  the  middle  of  the  petal.  The  anterior  pair 
of  ambulacra  form  an  angle  of  136°  with  one  another,  and  the  posterior  pair  an  angle 
of  57°,  this  latter  being  the  index  of  the  odd  posterior  interambulacrura. 

The  poriferous  zones  arc  narrow  and  of  uniform  breadth  throughout,  excepting 
the  normal  diminution  of  size  at  the  extremity  on  approaching  the  apex.  The  zones 
are  slightly  sunken,  and  the  interporiferous  areas  slightly  raised  or  flush  with  the  test; 
and  the  zones  of  the  odd  anterior  ambulacrum  are  a  little  irregular  in  their  direction. 
The  breadth  of  the  poriferous  zone  is  rather  less  than  one  half  of  the  breadth  of  the 
interporiferous  area.  The  pores  are  equal,  round,  and  conjugate,  the  grooves  being 
oblique  and  very  distinct ;  the  keel  between  with  a  row  of  granules.  There  are  about 
26  to  28  pairs  of  pores  in  each  zone  of  the  anterior  and  antero-lateral  ambulacra,  and 
32  in  the  posterior.  A  single  pore  only  of  each  zone  is  continued  from  the  termi- 
nation of  the  petals  and  passes  over  the  ambitus,  t.  e.  one  pore  to  a  plate,  situated  in  a 
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little  elongate,  oblique  groove, — the  interporiferous  area  (or,  more  correctly  here,  the 
ambulacral  area)  expanding  from  the  petal  up  to  the  ambitus,  and  from  thence  con- 
tracting until  near  the  phyllode,  when  it  again  expands.  The  phyllode  is  well  developed, 
widening  moderately  and  then  contracting  with  a  graceful  curve  as  it  approaches  the 
margin  of  the  peristome.  The  plates  are  short  and  broad,  and  the  pores  consequently 
closely  placed.  The  pores  are  rather  large,  sunken  in  little  cavities,  punctured  between 
the  sutures  of  two  neighbouring  plates,  all  uniformly  distant  from  the  outer  extremities 
of  the  plates.  A  double  series  of  inner,  supplemental  pores,  7  to  10  in  number,  are 
present  within  the  phyllode,  each  pore  bona*  on  the  margin  of  a  small  supplementary 
plate  inserted  between  the  regular  series  of  ambulacral  plates  which  constitute  the 
phyllode.  These  supplementary  plates  are  not  more  than  half  the  breadth  of  the 
primary  ones,  excepting  the  outermost  of  the  series,  which  usually  extends  the  whole 
breadth  of  the  ambulacral  column.  Two,  or  even  three,  primary  plates  stand  between 
each  secondary  or  supplementary ;  consequently  the  inner  pores  are  much  wider  apart 
than  the  outer  series.  The  inner  pores  arc  placed  in  two  straight  lines,  which 
diverge  slightly,  being  closer  together  adorally  than  aborally.  The  punctures  of  the 
peristomial  ambulacral  plates  are  large  and  placed  close  together  within  the  actual 
margin  of  the  peristome ;  they  are  separated  only  by  a  broad  dissepiment ;  and  a  narrow 
bridge-like  strip  forms  a  sharp  although  diminutive  ridge  arching  over  them  above 
and  dividing  them  from  the  inner  pores  of  the  phyllode  just  described.  Immediately 
above,  *'.  e.  aboral  to,  this  ridge  are  several  blind  pits,  not  punctured,  which  are  probably 
the  cavities  in  which  sphteridia  were  placed,  and  which,  on  cursory  examination,  are  at 
first  sight  rather  liable  to  be  confused  with  the  inner  pores  of  the  phyllode.  The 
ornamentation  of  the  interporiferous  area,  within  the  petal,  is  precisely  similar  to 
that  of  the  interambulacral  area,  and  consists  of  minute  primary  tubercles,  perforate 
and  crcnulate  (the  latter  quite  microscopic),  situated  within  a  deep  and  moderately  wide 
scrobicule.  The  margin  of  the  scrobicule  is  composed  of  small,  closely  placed,  uniform 
miliaries,  forming  a  complete  circle  which  comes  close  up  to  those  of  the  neighbouring 
primaries,  any  interspaces  being  filled  up  with  miliaries.  The  whole  miliary  granu- 
lation is  compact  and  confluent,  forming  a  uniform  test-surface  level  with  the  tops  of 
the  primary  tubercles.  Near  the  ambitus  the  tubercles  arc  slightly  smaller  and  more 
crowded,  the  miliary  interspaces  being  much  reduced,  and  consisting  only  of  single 
lines  of  miliaries,  which  are  also  more  completely  coalesced.  Towards  the  actinostome 
•  the  primary  tubercles  are  more  widely  separate;  but  on  the  rest  of  the  test  the 

ornamentation  is  remarkably  uniform  and  closely  crowded. 

The  peristome  is  considerably  excentric  in  front,  moderately  large,  elongate  trans- 
versely, and  pentagonal,  the  amount  of  angularity  varying  considerably.  The  actual 
margin  is  very  deep,  plunging  upwards  nearly  vertically.  The  intcrradial  peristomial 
plates  form  well-developed  bourrelets,  which  are  large,  broad,  more  or  less  bombous, 
and  with  a  crested  rim,  the  whole  peristomial  ring  being  granulated  with  a  minute 
tuberculation,  becoming  very  much  smaller  on  the  ambulacral  than  on  the  intcrradial 
plates.  The  periproct  is  moderately  large,  oval,  with  the  elongation  vertical,  placed  at 
the  extreme  upper  portion  of  the  posterior  end  of  the  test,  the  upper  extremity  of  the 
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orifice  being  just  apparent  when  the  tost  is  viewed  from  above.  In  some  specimens 
the  median  interradiol  portion  of  the  odd  interambulacrum  is  rather  bombous  and 
subcarinate  in  the  neighbourhood  of  the  orifice ;  but  this  is  a  character  subject  to 
more  or  less  variation,  as  is  also  the  development  of  the  subanal  groove :  these  modi- 
fications will  be  mentioned  below. 

Variations.  The  variations  of  form,  in  specimens  of  the  same  size,  chiefly  affect 
the  general  shape.  Some  are  more  circular,  more  swollen  posteriorly,  and  broader  than 
others.  Indeed  there  almost  appear  to  be  two  types  of  this  species,  one  of  greater  length 
than  the  other  in  relation  to  breadth  and  with  a  more  angularly  pentagonal  peristome; 
but  intermediate  forms  unite  them  in  one  species.  In  some  examples,  again,  the  inter- 
radial  areas  are  more  bombous  around  the  peristome,  which  is  less  transversely  elongate 
and  rather  more  deeply  sunken,  the  bourrelcts  being  narrower  and  less  prominent,  and 
the  phyllodes  slightly  sunken,  which  brings  out  the  latter  into  very  distinct  definition. 

Premature  Forms.  A  large  series  of  specimens  was  collected,  so  that  it  is  possible 
to  trace  the  method  of  growth  and  the  changes  which  occurred  in  the  morphology  of 
the  test  in  young  and  older  forms. 

Young  specimens,  ^  inch  in  length,  are  of  the  same  breadth,  and  measure  rather 
more  than  -fa  inch  in  height.  The  mouth  is  very  slightly  excentric ;  the  periproct 
large,  and  not  in  a  groove,  but  on  the  rounded  margin,  close  on  to  the  dorsal  area,  and 
consequently  at  a  very  much  higher  plane  than  the  mouth.  The  globular  appearance 
is  marked. 

Another,  rather  more  than  inch  in  length,  is  rather  less  in  breadth,  and  is 
t  u-  inch  in  height ;  it  has  the  mouth  more  excentric ;  the  keel  on  the  back  has  com- 
menced ;  and  the  periproct  is  at  its  end  and  high  up,  there  being  no  groove.  The 
ornamentation  is  very  similar  everywhere. 

Another,  not  quite  inch  broad,  is  rather  over  -,A„-  inch  in  length,  and  the  height 
is  rather  over  ^  inch,  ^j,  and  are  the  respective  measurements  of  another 
specimen. 

Hence  it  follows  that  Echinanthua  pumilua  is  more  globular  when  young, 
and  that  during  the  process  of  growth  the  test  increase's  more  in  length  than  in 
breadth,  and  that  there  is  a  still  greater  proportional  diminution  in  height.  In 
addition  to  the  greater  breadth  of  the  young  forms  when  compared  with  the  older,  the 
test  is  relatively  higher  behind,  and  the  apical  system  is  slightly  more  excentric  than 
the  peristome.  The  character  of  the  ambulacra  appears  to  undergo  little  change,  even 
the  wavy  irregularity  of  the  zones  of  the  odd  anterior  petal  being  present  in  the  early 
stages.    The  conjugation  of  the  pores,  however,  is  not  apparent  in  very  young  phases. 

Eemarka.  Fractured  specimens  show  a  thin  test,  and  that  there  is  not  the 
slightest  arrangement  of  internal  pillars  or  doubling  of  the  walls.  The  character  of 
the  present  species  recalls  strikingly  that  of  small  specimens  of  the  Echinanthua 
acutella  of  European  geologists ;  and  the  conformity  of  the  structure  of  the  mouth  of 
the  iSind  form  to  that  of  known  Cassidulida?  is  absolute,  and  is  altogether  distinct  from 
that  of  the  so-called  Echinanthi  of  A.  Agassiz,  which  are  true  Clypeastroids. 

The  present  species  is  well  characterized,  and  readily  distinguishable  from  other 
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known  forms.  E.  testudinaritis,  Desor,  and  E.  Hiarritzensis,  Cotteau,  are,  perhaps,  the 
nearest  related.  Compared  with  E.  testudinaritis,  the  keeled  and  elevated  posterior 
interambulacrutn,  the  greater  height  posteriorly  of  the  test,  the  greater  length  and  the 
smaller  angle  of  divergence  of  the  posterior  petals,  as  well  as  the  general  shape  of  the 
ambulacra  and  the  different  character  of  the  posterior  extremity  in  the  new  form  arc 
distinctive.  From  E.  Hiarritzensis  the  Sindian  species  is  well  marked  by  its  more 
broadly  oval  contour,  with  no  trace  of  rostration  posteriorly,  by  its  greater  depression, 
by  its  much  narrower  and  smaller  ambulacral  petals,  and  by  its  clougately  ovate 
periproct. 

The  nature  of  the  posterior  truncation,  the  absence  of  a  projection  posteriorly 
beneath  the  jieriproct,  and,  more  important  still,  the  character  of  the  ambulacra  and 
of  the  peristome  separate  the  specie*  from  Cassidulus  as  a  genus. 

The  absence  of  the  longitudinal  smooth  band  between  the  mouth  and  the 
periproct,  the  outline  of  the  posterior  portion  of  the  test,  and  the  vertical  position  of 
the  periproct  distinguish  the  species  from  members  of  the  genus  I*ygorhynchus.  In 
some  specimens,  however,  a  slight  median  smooth  space  occurs  along  the  median  line 
of  the  posterior  interradiurn  ;  but  this  is  in  all  probability  only  the  result  of  wearing, 
as  tubercles  are  present  in  well-preserved  specimens. 

The  species  above  described  is  not  comparable  with  any  form  of  Echinolampas, 
the  position  of  the  periproct,  its  longitudinal  elongation,  the  simplicity  and  equality  of 
the  ambulacra,  and  the  well-developed  floscelle  readily  remove  our  form  from  that 
genus.  Neither  is  it  comparable  with  the  Hhynchopygus,  Botriopygus,  Xucleolites,  or 
Echinofirissus  of  palaeontologists. 

Leaving  out  the  details  of  structure  enumerated  above,  which  clearly  determine 
the  generic  position  of  this  species,  the  form  may  be  said  to  recall  in  a  general  way 
some  of  the  characters  of  Catopygus  and  Echinolampas — this,  however,  suggestively 
rather  than  in  reality. 

bimewions.  The  following  are  the  measurements  of  three  of  the  largest  spe- 
cimens : — 

lx-ngth  1  fa  inch,  ^  inch,  1  inch. 
Breadth  ^  inch,  -fa  inch,  -fa  inch. 
Height   Yo  fachi  i4n  »ncn»  A  inch- 

Locality.  Barki  nala,  hills  north  of  Kanikot,  Laki  range.    Survey-number  G 

Illustrations  of  the  Species  in  Plates  II  &  III. 
Plate  II. 

Fig.  1.  Actinal  aspect  of  the  test:  natural  size. 
2.  Abactinal  aspect  of  the  test :  natural  size. 

S.  Profile  view  of  the  test,  showing  the  posterior  extremity :  natural  size. 

4.  Outline  of  the  transverse  profile  of  the  test. 

5.  Apical  system :  magnified. 
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Fig.  6.  Apical  system  from  another  example,  considerably  weathered :  magnified. 

7.  Peristome  and  floscelle  of  the  same  specimen  as  FigB.  1-6  :  magnified. 

8.  Tuberculation  of  tho  abactinal  surface :  magnified. 

9.  Tuberculation  of  the  actinal  surface,  just  below  the  ambitus  :  magnified. 

Plate  EH. 

1.  Abactinal  aspect  of  the  test  of  another  specimen  :  natural  size. 

2.  Longitudinal  profile  of  the  same :  natural  size. 

3.  Transverse  profile  of  the  same,  showing  the  posterior  extremity  :  natural 

size. 

4.  One  of  the  ambulacral  petals :  magnified. 

5.  The  two  posterior  phyllodes  of  the  floscelle:  magnified. 

6.  Longitudinal  profile  of  another  specimen :  natural  size. 

7.  Transverse  profile  of  the  same,  showing  the  posterior  extremity :  natnral 

8.  Actinal  aspect  of  another  specimen :  natural  size. 

9.  Portion  of  the  margin  of  the  peristome  of  the  same,  showing  the  oral 

termination  of  the  ambulacra  and  the  formation  of  the  phyllode, 
denuded  of  ornament :  magnified. 

10.  Actinal  aspect  of  another  specimen :  natural  size. 

11.  Portion  of  the  margin  of  the  peristome  of  the  same,  seen  obliquely, 

denuded- of  ornament:  magnified. 

12.  Abactinal  aspect  of  the  test  of  a  small  specimen,  with  well-developed 

keel :  natural  size. 

13.  Longitudinal  profile  of  the  same:  natural  size. 

14.  Transverse  profile  of  the  same,  showing  the  posterior  extremity :  natural 

size. 

15.  Abactinal  aspect  of  the  test  of  a  small  specimen:  natural  size. 

16.  Abactinal  aspect  of  the  test  of  a  still  smaller  specimen :  natural  size. 

17.  Three  odd  anterior  ambulacra:  magnified. 

Family  SPATANGIDM 
Genua  LINTHIA,  Merian,  1853. 
Test  oval,  subcordiform,  convex  above,  flat  beneath. 

Ambulacra  petaloid,  sunken,  unequal,  the  posterior  pair  shorter  and  less  divergent 
than  the  anterior  pair.  Poriferous  zones  equal ;  pores  subequal.  Anterior  odd  ambu- 
lacra different  from  the  others,  placed  in  a  deep  anterior  groove,  which  may  or  may  not 
indent  the  margin.  Poriferous  zones  composed  of  small  pores,  in  simple  pairs,  more 
or  less  widely  spaced. 

Apical  system  compact,  excentric  in  front 

Peristome  bilabiate,  excentric  in  front. 

Periproct  oval,  situate  at  the  summit  of  the  posterior  extremity. 
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Peripctalous  fasciole  complete,  more  or  leas  indented  between  the  lateral  ambu- 
lacra. Lateral  fasciole  branching  off  from  the  peripetalous  fasciole  near  the  extremity 
of  the  antero-lateral  petals,  and  passing  below  the  periproct  with  a  rapid  curve. 

Tubercles  small,  prominent ;  scrobicuks  very  shallow. 

L  Lwthia  Sindensis,  sp.  nov.    Plate  IV. 

The  test  is  rather  depressed ;  marginal  contour  roundly  heart-shaped,  truncate 
behind,  and  broadly  and  rather  deeply  grooved  in  front  It  is  as  broad  as  it  is  long, 
the  greatest  breadth  being  in  a  line  with  the  apical  system,  and  the  margin  being 
more  rounded  in  front  of  this  line  than  behind  it.  The  upper  surface  is  more  or  less 
uniformly  convex,  and  the  posterior  interambulacrum  slightly  carinated.  Seen  in 
longitudinal  profile,  the  highest  point  of  the  test  is  situated  opposite  the  middle  of 
the  posterior  ambulacra,  the  posterior  declivity  being  sharply  truncate  behind  and 
sloping  at  a  high  angle  to  the  margin,  whilst  the  anterior  is  gradual  and  well  rounded. 
The  transverse  profile  is  almost  semicircular,  the  posterior  keel  being  slightly  prominent. 
The  under  surface  is  rather  inflated  ;  the  margins  tumid,  except  posteriorly,  where  the 
test  is  rather  deeply  impressed.  It  is  well  rounded  in  the  neighbourhood  of  the 
postero-lateral  ambulacra. 

The  apical  system  is  slightly  excentric  in  front.  There  are  four  large  generative 
pores;  and  a  small  madroporiform  body  is  connected  with  the  right  anterior  plate. 
The  posterior  pair  are  much  wider  apart  than  the  anterior  pair ;  and  those  of  each 
side  are  very  close.  This  arrangement  pushes  the  ocular  plates  of  the  antero-lateral 
ambulacra  to  the  outside  of  the  generative  plates.  The  anterior  ocular  plate,  how- 
ever, comes  well  between  the  front  generative  plates,  and  separates  them  completely, 
whilst  the  madreporiform  body,  which  is  rather  large,  separates  the  posterior  ocular 
plates.    The  ocular  foramina  are  very  small. 

The  ambulacra  arc  unequal,  rather  broad,  and  moderately  sunken.  The  anterior 
pair  arc  much  longer  than  the  posterior,  in  the  proportion  of  2  :  3,  and  arc  also  more 
divergent.  The  odd  anterior  ambulacrum  is  feebly  developed,  wide,  and  not  very 
deeply  sunken  until  near  the  margin.  The  pores  arc  minute  and  round ;  the  first  five 
or  six  pairs  are  very  small  and  are  placed  in  close  succession  near  to  the  apical  system. 
Further  out  the  plates  become  broader  and  the  pores  wider  apart  and  oblique,  and 
there  is  a  raised  partition  which  separates  one  pore  from  another.  The  antero-lateral 
ambulacra  are  long,  straight,  ovate  lanceolate,  petaloid,  broadest  at  the  outer  third,  very 
wide  apart,  and  enclose  an  angle  of  about  126°.  In  length  they  occupy  fully  two  thirds 
of  the  distance  between  the  apical  disk  and  the  margin,  and  are  rather  deeply  sunken. 

The  poriferous  zones  are  broad  where  fully  developed,  the  pores  being  conjugate 
and  elongate,  except  near  the  apex,  where  they  arc  circular ;  about  27  pairs  exist  in 
each  poriferous  zone,  the  outer  pairs  being  close  to  the  peripetalous  fasciole,  but  not 
touching  it.  The  intcrporiferous  area  is  very  narrow,  scarcely  more  than  half  the  breadth 
of  a  poriferous  zone. 

The  postero-lateral  ambulacra  arc  narrower,  and  shorter  by  one  third  than  the 
anterior  pair,  and  are  much  less  divergent,  the  angle  enclosed  being  CG\    They  are 
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lanceolate  or  elongately  ovate,  their  distal  ends  being  crossed  by  the  fasciole.  18  or 
19  pairs  of  pores  exist  in  each  zone ;  and  the  interporiferous  area  is  narrow.  The  inter- 
ambulacra  are  slightly  swollen  and  formed  into  ridges  near  the  apex  and  on  either  side 
of  the  anterior  groove,  the  posterior  interambulacrum  being  also  elevated  into  a  slight 
keel. 

The  ornamentation  of  the  test  is  slight  and  inconspicuous,  the  tubercles  being  very 
small.  A  few  rather  larger  ones  are  scattered  on  either  side  of  the  anterior  groove, 
and  accumulate  on  the  anterior  slope  of  the  test.  Smaller  tubercles  are  distributed 
uniformly  on  the  dorsal  surface  of  the  test,  except  near  the  ambulacra  and  apex,  where 
they  are  slightly  larger  and  more  crowded.  Surrounding  the  posterior  truncation  the 
tubercles  become  larger  and  scarcer  inferiorly,  and  above  on  either  side  of  the  periproct ; 
but  below  the  aperture  they  are  almost,  if  not  quite,  wanting. 

Periproct  oval,  vertical,  and  placed  high  up  on  the  truncated  end  of  the  test. 

The  peristome  is  small,  placed  far  in  front  and  near  the  margin,  the  anterior 
groove  being  distinctly  continued  up  to  it.  The  lip  is  not  prominent,  the  neighbour- 
hood of  the  mouth  is  rather  impressed,  and  the  plastron  is  rather  swollen— circumstances 
which,  together  with  the  tumid  character  of  the  margin,  relieve  the  flatness  of  the 
under  surface.  The  ornamentation  of  the  plastron  consists  of  a  few  large  and  many 
small  tubercles ;  and  the  sides  of  the  test  beneath  have  larger  tubercles  than  the  rest  of 
the  test.  The  tubercles  below  are  crenulate  and  perforate,  the  slightly  sunken  scrobi- 
cule  being  surrounded  by  a  sparely  filled  circle  of  small  miliary  granules. 

The  peripetalous  fasciole  is  very  narrow,  and  forms  an  angle  in  the  interspace 
between  the  lateral  ambulacra,  reaching  up  halfway  to  the  apex.  The  fasciole  turns 
round  the  anterior  lateral  petal,  passes  inwards  parallel  with  it,  forming  the  angle  just 
mentioned,  and  then  crosses  over  to  the  posterior  lateral  petal,  coming  into  contact  with 
iu  outer  pores,  and  crossing  directly  over  the  keel  of  the  posterior  interambulacrol  area 
to  the  opposite  side.  In  front  the  fasciole  crosses  the  anterior  odd  ambulacrum  a  little 
below  the  line  of  the  end  of  the  anterolateral  petals ;  but  it  is  very  small  and  indistinct 
in  this  portion  of  its  course.  A  lateral  fasciole  commences  where  the  peripetalous 
fasciole  begins  to  pass  inwards,  a  little  behind  the  end  of  the  anterolateral  petal,  and 
extends  in  a  very  thin  and  slightly  raised  line  directed  backwards  and  downwards 
and  passing  under  the  periproct  to  the  other  side. 

Remarks.  Linthia  Sindensia  is  characterized  by  its  general  rotundity  of  margin, 
its  equal  length  and  breadth,  its  greater  breadth  in  front,  its  moderate  height,  and  the 
gentle  declivity  of  the  dorsal  slope,  its  deep  anterior  groove  (which  is  very  decided  at 
the  margin),  and  the  anteriorly  excentric  position  of  the  apical  system,  by  the  number 
of  close  pores  in  the  anterior  ambulacrum  and  the  comparative  length  of  the  postero-  to 
the  antero-lateral  ambulacra  (as  2  to  8),  by  the  narrowness  of  the  interporiferous  zone, 
and  by  the  very  narrow  and  slightly  bent  fasciole  (which  is  comparatively  faintly  angu- 
lated,  excepting  its  sharp  dip  far  below  the  oval  periproct). 

This  Echinoid  is,  on  the  whole,  rather  more  closely  allied  to  Cretaceous  than  to 
Nummulitic  forms.  The  Sindian  species  differs  from  Periaster  pyrenaicus,  Cotteau  (its 
nearest  ally),  in  the  shape  and  proportions  of  the  ambulacra,  the  greater  lateral 
rotundity  of  the  marginal  contour,  the  greater  depth  of  the  anterior  groove,  the  form 
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of  the  peripctalous  fasciole,  and  the  character  of  the  ornamentation  of  the  test.  No 
other  form  at  present  known  appears  to  come  sufficiently  near  to  require  a  special  com- 
parison to  be  made. 

Dimension*.  Length  of  the  test  1  inch ;  breadth  1  inch  ;  height  over  \  inch. 

Locality.  Below  Jakhmari  *  Peak,  Laki  range,  west  of  Amri.  Survey-number 
3fH- 

A  large  specimen  of  the  same  species  (larger  than  the  type)  from  the  same  locality, 
but  bearing  the  Survey-number  G  fff. 

Illustrations  cf  the  Species  in  Plate  IV. 
Fig.  1 .  Abactinal  aspect  of  the  test :  natural  size. 

2.  Longitudinal  profile  of  the  same :  natural  size. 

3.  Transverse  profile  of  the  same,  showing  the  posterior  extremity :  natural 

size. 

4.  Outline  of  the  transverse  profile  of  the  test:  natural  size. 
6.  Apical  system :  magnified. 

6.  Apical  extremity  of  the  odd  anterior  ambulacrum :  more  highly  magnified. 

7.  Portion  of  the  test,  showing  the  passage  of  the  peripetalous  fasciole  near 

the  extremity  of  a  petal :  magnified. 

8.  Portion  of  the  test,  showing  the  ornamentation  near  the  lateral  fasciole : 

magnified. 

9.  One  of  the  large  tubercles  on  the  actinal  surface :  magnified. 

10.  Tubercles  of  the  abactinal  surface :  magnified. 

11.  Profile  view  of  the  same:  magnified. 

V.  Bemarks  on  the  Fauna  of  Echinoidea  of  the  Beds  beneath  the  Trap. 

The  examination  of  the  Echinoidea  of  the  strata  below  the  Trap,  which,  very 
probably,  is  post-Cretaceous  in  age,  and  is  certainly  older  than  the  age  of  Nummulites, 
does  not  indicate  any  definite  horizon. 

The  fades  of  the  collection  is  more  Tertiary  than  Secondary.  But  this  statement 
must  not  be  made  use  of  in  too  definite  a  manner ;  for  in  the  Ranikot  series  of  the 
Nummulitic  age  above  the  Trap  there  are  Cretaceous  types,  which  give  its  fauna,  in  part, 
an  older  appearance  than  that  of  the  Cardita  Beaumonti  beds  now  under  consideration. 

There  are  no  characteristic  genera  in  the  fauna ;  and  the  new  genus  has  species  in 
the  Ranikot  group  also. 

In  fiict,  the  Echinoidea,  like  the  Corals*,  do  not  define  the  age  of  this  sub-Trap 
horizon.  The  fauna  is  not  Cretaceous  in  the  European  sense,  nor  are  its  genera  and 
species  the  same  as  those  of  the  Cretaceous  rocks  of  Southern  India  or  of  Bagh  in  the 
Narbada  area.  On  the  other  hand,  the  facies  of  the  Echinanthus  and  Linthia  are  rather 
of  a  Izower-Eocene  character;  but  there  does  not  appear  to  be  any  species  common  to 
the  Nummulitic  series,  even  of  Egypt,  and  the  strata  beneath  the  Trap  in  Sind. 
•  P.  Martin  Duncsn,  "iowil  Coral*  of  Sind,"  PaUeontologU  India,  wa.  xir.  (1880). 
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VI.  Description  of  the  Plata. 


PLATE  I. 


Figure  1.  Cidaris  lacbvmula,  Duncan  and  S  laden  (page  8).    The  test  seen  in  profile,  natural 


2.  The  same,  magnified. 

3.  A  portion  of  the  ambulacral  area,  magnified. 

4.  Profile  outline  of  the  same. 

5.  Interambulacral  plate,  magnified. 

6.  A  primary  tubercle  seen  in  profile,  magnified. 

7.  A  portion  of  the  scrobicular  ring,  showing  the  shield-shaped  boss  of  the  tubercle  and  the 

tear-shaped  mamelon,  magnified. 

8.  Plesioi.awpas  elongata,  Duncan  and  Sladen  (page  10).    Abactinal  aspect  of  the  test, 

natural  size. 

9.  Actinal  aspect  of  the  test,  natural  sire. 

10.  Outline  of  the  longitudinal  profile  of  the  test. 

11.  Outline  of  the  transverse  profile  of  the  test 

12.  Apical  system,  magnified. 

13.  A  portiou  of  the  ambulacral  and  interambulacral  areas,  maguified. 
11.  The  part  of  an  ambulacrum  near  the  peristome,  magnified. 

15.  Tubercles  on  the  actinal  surface,  magnified. 

16.  Tubercles  near  the  ambitus,  magnified. 
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PLATE  II. 


Figure  1.  Eciiinantiics  ruMiLtrs,  Duncan  and  S laden  (page  18).     Actinal  aspect  of  the  test, 
natural  size. 
2.  Abactinal  aspect  of  the  test,  natural  size. 

Profile  view  of  the  test,  showing  the  posterior  extremity,  natural  size. 
I.  Outline  of  the  transverse  profile  of  the  test. 
5.  Apical  system,  magnified. 

0.  Apical  system  from  another  specimen,  considerably  weathered,  magnified. 

7.  Peristome  and  fiWcllc  of  the  same  specimen  as  Figs.  1-3,  magnified. 

8.  Tuberculatum  of  the  abactinnl  surface,  magnified. 

!).  Tuberculation  of  the  actinal  surface,  just  below  the  ambitus,  magnified. 
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PLATE  III. 


Figure  1.  EcHiNAvrmrs  pcmilvs,  Duncan  and  Sladen  (page  13).    Abactinal  aspect  of  the  test, 
natural  Kite. 

2.  Longitudinal  profile  of  the  name,  natural  size. 

3.  Transferee  profile  of  the  same,  showing  the  posterior  extremity,  uatnral  size. 

4.  One  of  the  ambulacra!  prtals,  magnified. 

5.  The  two  posterior  phyllodes  of  the  floseelle,  magnified. 

6.  Longitudinal  profile  of  another  specimen,  natural  size. 

7.  Transverse  profile  of  the  same,  showing  the  posterior  extremity,  natural  size. 

8.  Actinal  aspect  of  another  specimen,  natural  size. 

9.  Portion  of  the  margin  of  the  peristome  of  the  same,  showing  the  oral  termination  of  the 

ambulacra  and  the  formation  of  the  phyllode,  denuded  of  ornament,  magnified. 

10.  Actinal  aspect  of  another  specimen,  natural  size. 

11.  Portion  of  the  margin  of  the  peristome  of  the  same,  seen  obliquely,  denuded  of  ornament, 

magnified. 

12.  Abactinal  aspect  of  the  test  of  a  small  specimen  with  well-developed  keel,  natural  size. 

13.  Longitudinal  profile  of  the  same,  natural  size. 

14.  Transverse  profile  of  the  same,  showing  the  posterior  extremity,  natural  sire. 
IB,  Abactinal  aspect  of  the  test  of  a  small  specimen,  natural  size. 

10.  Abactinal  aspect  of  the  test  of  a  still  smaller  specimen,  natural  aize. 
17.  Three  odd  anterior  ambulacra,  magnified. 
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PLATE  IV. 


Figure  1.  Linthia  Sixdensisi,  Duncan  and  Sladcn  (page  1H).     AbactinsJ  aspect  of  the  test, 
natural  size. 

a.  longitudinal  profile  of  the  same,  natural  sixc. 

3.  Transverse  profile  of  the  name,  showing  the  posterior  extremity,  natural  rite. 

4.  Outline  of  the  transverse  profile  of  the  test,  natural  sue. 

5.  A  pit al  system,  magnified. 

6.  Apical  extremity  of  the  odd  anterior  ambulacrum,  more  highly  magnified. 

7.  Portion  of  the  tent,  showing  the  passage  of  the  peripetalous  f&sciolc  near  the  extremity 

of  a  petal,  magnified. 

8.  Portion  of  the  test,  showing  the  ornamentation  ucar  the  lateral  fasciolc,  magnified. 

9.  One  of  the  large  tubercles  on  the  aetiual  surface,  magnified. 

10.  Tubercles  of  the  attactinal  surface,  magnified. 

1 1 .  Profile  view  of  the  same,  magnified. 
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A  DESCRIPTION 

OP  TItK 

FOSSIL  ECIIINOIDEA 

OF 

WESTERN     S  I  N  D. 


Fasciculus  2. — THE  RANIKOT  SERIES. 

I.  Introductory  Remarks  on  the  Ranikot  Series. 

The  stratigraphical  relations  and  the  nature  of  the  deposits  included  in  the  Ranikot 
series  of  strata  have  been  noticed  in  a  former  page*,  and  it  is  only  necessary  to  remark 
that  the  strata  rest  immediately  on  a  trap  which  covers  the  Cardita-Btaumonti  series. 
The  lower  part  of  the  Ranikot  series  consists  of  soft  sandstones,  shales,  clays  with 
gypsum  and  lignite,  and  pyritous  shale.  These  freshwater  strata  are  succeeded  by 
highly  fossiliferous  marine  limestones,  often  brown  in  colour,  interstratified  with 
sandstones,  shales,  clays,  and  ferruginous  bands.  Nummulites  appear  for  the  first 
time  in  the  succession  in  this  series ;  and  there  is  a  fine  fossil  Coral-fauna  of  50  species. 
The  depth  of  the  Ranikot  scries  is  2000  feet ;  and  it  is  below  the  main  Nuramulitic 
limestone,  which  belongs  to  the  succeeding  age  or  that  of  the  Khirthar  series. 

Although  the  nature  of  the  fossil  Echinoidca  already  described  from  beneath  the 
trap  which  underlies  the  Ranikot  series  does  not  give  any  more  satisfactory  evidence 
than  the  fossil  Corals  regarding  the  age  of  their  containing  strata,  still  an  Eocene  fades 
predominates  over  a  Cretaceous  facies  in  the  forms  of  the  Cardita-Beaumonti  beds. 

It  is  evident  that  the  Ranikot  series  is  very  low  down  in  the  Nummulitic  series, 
and,  whilst  it  contains  relics  of  a  somewhat  modified  Cretaceous  fauna,  the  Eocene  facies 
predominates. 

The  specimens  forwarded  by  II.  B.  Mcdlicott,  Esq.,  F.R.S.,  the  Superintendent 
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of  the  Geological  Survey,  from  the  Kanikot  series  of  Sind  were  numerous  and  in  good 
condition.  As  was  the  case  with  the  fossil  Corals,  we  obtained  little  or  no  assistance 
from  the  work  of  MM.  d'Archiac  and  Haime  'Sur  les  Animaux  Fossiles  de  l'lnde,' 
although  their  types,  fortunately  at  the  Geological  Society  of  London,  were  accessible. 
The  wretched  state  of  preservation  of  these  forms  and  the  diagrammatic  nature  of  their 
illustrations  have  been  a  source  of  great  perplexity  to  us.  Wishing  to  give  these 
authors  every  credit,  and  to  determine  their  species  if  possible,  we  have  constantly 
failed.  The  interesting  memoir  by  M.  de  Loriol,  entitled,  'Monographic  de* 
Echinides  contenus  dans  les  couches  Nummulitiques  de  l'Egypte,'  ami  that  of  Dr.  W. 
Dames,  of  Berlin,  'Die  Echiniden  der  vicentinischen  und  veronischen  Tertitirabla- 
gerungen,'  have  been  most  useful  to  us  indirectly  as  well  us  positively.  It  will  be 
found  that  the  fauna  of  this  Ranikot  scries  is  a  very  remarkable  one,  and  that  it  is  as 
isolated  as  that  described  from  Egypt  by  de  Loriol. 


TI.  List  of  the  Fossil  Echinoidea  from  the  Ranikot  Series. 
Order  ECHIHOIDEA  kndoc  yclic  a 

jw,,  onuniDJB. 

Utnut  < 'union.  A' Itin,  1734. 

Cidnria  Ymieuili,  iCArchuK :  p.  2<>. 
 »p. :  p.  25. 

SulyeHUt  rUVLLACA>THl»,  B,\tmll,  1«<33. 
I'hvllmantliu.i  Kanikoti,  Duncan  J-  Simla,  :  p.  27. 

 Sindensis,  Duncan  d'  Sladcn  ;  p.  27. 

 sp.  :  p.  28.  • 

Genus  PomxiDABls,  Utntr,  ltJoJ. 
Porocidari*.  »p.  ?  (spine). 

Fa,«il,,  SALES  I  ADA. 

Genu*  SaLISIA,  Gray,  lS3ri. 
Halenin  Wanfordi,  Duncan  d-  SlcuUn:  p.  2t». 

Family  QL  FPU  OS  TO  SI  A  TA . 

Subfamily  DlADEU iTIS.c. 

Genui  CvmuauiiA,  Agatris,  1840. 
Cvphosomn  sbuormale,  Duntan  d-  Slatltn :  p.  32. 
 up. :  p.  33. 
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GcnuM  A <  '. t:: i:n: :n !  m.  Duncan  $  Sladtn. 
Acanthe*hiuu»  noduloius,  Duncan  $  Sladtn  :  p.  34. 

Subfamily  Te VSOPLErniD.t. 

Didyopleurua  licznc,  Duncan  $  Sladtn :  p.  38. 

 Haimei,  Duncan  $  Sladtn  :  p.  39,  and  Tariety,  p.  40. 

 d'Archiaci,  Duncan  $  Sladtn :  p.  41. 

Gtnut  AKAcmnorercara,  Duncan  <J-  Sladtn. 

<7«i«u  PBOOO!TBCnixu«,  Z)«nwa»  <J-  Sladtn. 
Progonechinua  Eooenieua,  0un«ii»  ^  <Sfa<f«i  :  p.  43. 

Subfamily  Echixid.8. 

Section  Poltpobi. 

Genut  ErBTPSErsTEs,  Duncan  <J-  Sladtn. 
Eurypneustea  grandis,  Duncan  Se  Sladtn  :  p.  4C. 

.Eolopneuates  de  Lorioli,  Duncan  J-  Sladcn :  p.  48. 

Order  ECHIROIDEA  EXOCYCLICA. 

Subtler  ON'ATHOSTOMATA. 
Family  COSOCLYPBIDM. 

Genu*  CoxoctTPEm.  Ayauiz,  1  840. 

(onoclypeu*  Sindensia,  Duncan  4f  Sladcn  :  p.  51. 
 ?,  up. :  p.  r>2. 

 declivia,  Du,ican  f  Sladm  |  p.  53. 

Subcrdtr  ATELOSTOMATA. 
Family  CA8SIDULIDAS. 

Subfamily  Echikolampik.e. 

Genu*  Phtllocxykis,  de  Loriol,  1881. 
Phylloclypeua,  ap. :  p.  54. 

Gtnui  PlebiolampaJ,  Duncan  £  Sladtn,  1882. 

PkviobunpM  placenta,  Duncan  %  Sladtn  :  p.  54. 
 pnelonga,  Duncan  J/  Sladtn :  p.  5<J. 
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PkaioUmpu  ovilU,  Dunean  it  Sladen :  p.  68. 

 roetrata,  Duncan  d-  Sladen :  p.  01. 

 polygonalis,  Duncan  If  Sladen :  p.  61. 

Genu*  Kola  HP  jus,  Duncan  if  Staden 
BolampM  antecurwr,  Duncan  Jt  Sladen :  p.  62. 

Subfamily  EciIIKASTHIS M. 
Genu*  ECHIS^THII,  Breyniu*,  1832. 

6rau*  CiMlBCXCS,  LamareX;  1801. 

Gfiiu*  BHrscuonous,  D'Orbiyny,  1855. 

•RhynchopjgUJ  Oalderi,  <f ^rtAiiK,  ip. :  p.  67. 
 pygiwem,  Duncan  t[  Sladen :  p.  68. 

Genu*  EcanoDLA,  <f.4r<*i«  cj-  Haime,  1853. 
Earhodia  Morriaii.  tT^rcAwo  ,j  ffa.W :  p.  70. 

Grnui  PiUAI-iMPAS,  Duiwwn  d-  Slata. 

Paralampa*  pit<-ua,  ZHincan  4"  <SW«» :  p.  73. 
 minor,  Duncan  $  Sladen  :  p.  74. 

Genu*  XboCaTOPTOCs,  Duncan  d-  SUflen. 
Neocatopygua  rotnnduB,  Duncan  St  Staden  :  p.  76. 

Family  SPA  TAXQIDJB. 
Subfamily  SrATAHQiiut. 

Genu*  Himiadter,  Deter,  1847. 

Ilemimter  elongatas,  Duncan  <Sr  Sladen :  p.  78. 
 ip.  (?  II.  digonua,  dArchiae) :  p.  81. 

Genu*  Lwtuia,  ilerian,  1853. 

Lintbia  indies,  Duncan  d-  Sladen  :  p.  82. 
 ap. :  p.  85. 

Genu*  ScniZA8T£»,  Ayauiz,  1836. 
Schizaster  alroolatus,  Duncan  cf  Sladen  :  p.  87. 

Genu*  Phesastek,  Door,  1853. 
Prenanter  oriformiB,  Duncan  6c  Sladen  :  p.  90. 

Genu*  Mitalia,  Gray. 
Metalia  8owcrbyi,  tTAnkiac,  »p. :  p.  03. 

•  Probably  tl,i.  .pedes  com™  from  ft  higher  horizon. 
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III.  Description  of  the  Fossil  Echinoidea  from  the  Itanikot  Series  of  Nummulitic 

Strata  in  Western  Sind. 

Order  ECHINOIDEA  ENDOCYCLICA. 

Family  CIDARIDJE. 
Genus  CIDARIS,  Klein,  1734. 

The  diagnosis  of  this  genus  need  not  be  repeated  in  this  work ;  but  it  is  necessary 
to  remark  that  the  tubercles  are  usually  perforate,  but  that  they  may  or  may  not  be 
crenulatcd.    The  pores  are  non-conjugate. 

There  are  small  portions  of  a  Cidaris  in  the  Itanikot  group  of  strata,  but  they  are 
not  in  a  good  state  of  preservation.  On  endeavouring  to  compare  them  with  the  types 
of  the  genus  which  were  described  and  figured  by  MM.  d'Archiac  and  Jules  Haime*, 
we  were  surprised  to  find  those  carefully  delineated  fossils  absolutely  deficient  iu 
details  of  structure  by  which  the  species  could  be  identified.  The  specimen  of  Cidaris 
Halaensis,  d'Archiac  &  Haime,  can  be  distinguished  generically ;  but  clearly  the  pores 
are  non-conjugate,  the  tubercles  are  large,  and  the  scrobicules  are  continuous  above 
and  below.  No  ornamentation  or  other  details  exist.  Cidaris  Verneuili,  dArchiac  & 
Haime,  has  also  a  very  bad  typical  specimen.  The  ambulacra  are  slightly  wavy,  the 
intcrporiferous  zones  are  broad  and  have  vertical  scries  of  broad  roof-shaped  elevations, 
two  in  each  zone,  and  the  pores  are  non-conjugate.  In  the  interradia  the  scrobicules 
occupy  the  lower  part  of  their  plates,  the  median  area  is  large,  and  the  ornamentation 
is  much  obscured  by  the  effects  of  sand-scrubbing.  There  are,  however,  more  or  less 
radiating  series  of  separate  small  miliaries  with  furrows  between  them.  It  is  with 
some  hesitation  that  we  place  some  plates  in  association  with  this  species.  The  first 
specimens  to  be  noticed  do  not  belong  to  the  species. 

1.  Cidaris,  sp.   Plate  V,  Figs.  1-3. 

In  the  indifferently  preserved  specimens  the  perforation  and  faint  crenulation  of 
the  interradial  tubercles  can  be  distinguished.  The  interporiferous  zone  is  moderately 
wide;  and  the  roof-shaped  plates  have,  in  a  well-preserved  part  of  the  fossil,  two 
miliaries  or  very  small  tubercles  on  them.  The  pores  are  non-conjugate.  The  badly 
preserved  ornamentation  of  the  plates  beyond  the  scrobicular  circle  is  small  and  has 
no  tendency  to  be  in  ridges  or  series,  or  to  have  furrows  or  lines  in  the  midst.  In  some 
places  the  minute  tubercles  are  elongate  and  either  irregularly  placed  or  alternate. 

The  ornamentation  of  the  circle  itself  is  much  worn,  and  was  larger  than  that 
beyond,  being  composed  of  small  rounded  tubercles. 

The  scrobicules  are  separate  above  and  below,  and  a  single  row  of  small  tubercles 
is  between  them  and  the  well-marked  suture.  The  areola?  occupy  the  greater  part  of  the 
plates ;  they  are  sunken  near  their  periphery,  but  the  bosses  soon  project  as  bold  cones, 

•  Animaux  foss.  de  l'lnde. 
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the  mami'lon  being  small  and  perforate.  The  crcnulation  is  distinct  in  the  groove  at 
the  base  of  the  mamelon,  but  it  does  not  pass  over  the  sides  of  the  boss.  There  are 
from  8  to  10  pairs  of  tentaculiferous  pores  in  relation  to  a  large  interradial  plate. 

Locality.  Ranikot  group,  north  by  east  of  Petiani,  west  of  Kotri.  Survey- 
number  G  fff. 

Illustrations  of  the  Specimens  in  Plate  V. 

Fig.  1.  An  interradial  plate:  magnified. 

2.  A  section  of  a  plate :  magnified. 

3.  A  portion  of  an  ambulacrum :  magnified. 


12.  Cidaris  VttXECILl,  tTArchiac.    Plate  V,  Figs.  6-8. 

Cid«rU  Verrwuili,  d'Archinr,  1850.  Hut.  drt  pr^ra  dt  Ja  OM.  t.  iii.  p.  241. 

 ,  d'Artkiae  if  llaimt,  1853,  D,»rhj,.  Anim.foM.  de  TMt,  p.  1»5,  pi.  xiii.  figs.  1  a  A  1  h. 

Some  large  plates  probably  belong  to  this  perforate  non-crenulate  form. 

In  the  largest  plate  (Fig.  7)  the  scrobicular  area  occupies  the  larger  part  of  the 
plate,  and  is  separated  from  the  sutural  lines  above  and  below,  by  the  secondary 
tubercles  of  the  circle  and  a  few  smaller  ones  beyond.  These  secondary  tubercles  are 
small,  rather  wide  apart,  and  have  bosses  and  mamelons.  Beyond  there  is  a  circle  of 
much  smaller  tubercles,  which  are  also  rather  wide  apart,  and  beyond  there  are 
irregular  rows  of  large  miliaries  extending  to  the  edges  of  the  plates  with  suture-like 
lines  between  them.  The  whole  of  this  ornamentation  is  on  a  convex  surface  which  is 
slightly  higher  than  the  scrobicular  area.  The  boss  slopes  gradually  upwards  and  has 
a  wide  top,  and  a  circular  furrow  is  around  the  base  of  the  mamelon.  This  has  a 
constricted  neck,  a  depressed  convex  top,  and  is  largely  perforate. 

The  width  of  the  largest  plate  is  J  inch  ;  height  A  inch. 

locality.  Ranikot  series,  north-east  of  Petiani,  west  of  Kotri.  Survey-number 

II lustrations  of  the  Species  in  Plate  V. 

Figs.  6  &  7.  Plates  of  Cidaris  Verneuili :  natural  size  and  magnified. 
8.  A  section  of  a  plate  (Fig.  7). 

Subgenus  PHY LLACANTH US,  Brandt,  1835. 

Alexander  Agassiz  has  pointed  out  that  this  subgenus  has  precedence  of 
Mabdocidaris  of  Desor.  The  group  belongs  to  the  genus  Cidaris,  and  the  subgeneric 
characters  are  broad  interporiferous  zones,  pores  conjugate,  tubercles  crenulatc  and 
perforate. 
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1.  Phyllacaxthis  Raxikoti,  sp.  nov.    Plate  V,  Figs.  9,  10. 

There  are  fragments  of  three  species  of  the  subgenus  Phyllacantltus  in  the 
Ranikot  series.  The  specimens  of  one  species  belong  to  an  old  and  younger  forms,  and 
in  no  case  are  they  complete  enough  for  a  fair  specific  diagnosis. 

What  can  be  well  observed  is  as  follows : — 

The  ambulacra  are  slightly  wavy,  decidedly  broad,  and  the  porifeious  zones  are 
sunken ;  the  intcrporiferous  zone  is  at  nearly  the  same  level  as  the  iuterrudial  plates. 
The  pores  are  conjugate,  and  each  intcrporiferous  plate  has  three  small  tubercles  on 
it :  one,  the  largest  of  the  three,  is  a  small,  broad-based  one,  with  a  rntunelou,  and 
it  is  situated  close  to  the  plate  bearing  the  pores ;  the  others  are  minute  and  separate. 

The  ambulacra!  plates  are  numerous,  and  there  are  sixteen  in  contact  with  a  large 
interradial  plate. 

The  interradial  plates,  well  separated  by  sutural  markiugs,  are  faintly  convex,  and 
have  a  large  areola  which  occupies  their  larger  part.  The  scrobicule  is  circular  in  out- 
line, very  slightly  sunken  at  its  margin,  and  the  boss  projects  as  a  broad  cone  termina- 
ting in  a  wide  apex,  on  which  is  placed  a  small  mamelon.  Crenulation  occurs  on  the 
grooved  apex  around  the  base  of  the  mamelon,  which  is  perforate. 

A  circle  of  distinct,  small,  broad-based  tubercles,  sixteen  to  twenty  in  number,  is 
around  the  scrobicule  ;  they  are  decidedly  larger  than  those  of  rest  of  the  ornamentation, 
which  consists  of  two  kinds  of  small  tubercles.  One,  rounder  than  the  other  but  more 
or  less  elongate,  fits  in  more  or  less  between  the  larger  tubercles  just  mentioned  ;  and 
the  other  kind  consists  of  small  elongate  granulations,  which  radiate  from  the  scrobicular 
circle  of  larger  tubercles  to  the  sutural  marking.  The  larger  scrobiculcs  are  rather 
close  together  above  and  below,  and  they  are  separated  by  the  suture  and  a  few 
minute  tubercles,  besides  the  rows  of  larger  ones.  But  the  smaller  plates  carry  a  few 
large  and  small  ornamental  tubercles  near  the  suture,  on  the  other  side  of  which  some 
little  amount  of  space  is  occupied  by  the  elongate  ornamentation  beyond  the  scrobicule. 
The  median  interradial  region  is  slightly  sunken,  and  the  oruameution  is  only  moderate 
in  extent.    The  test  appears  to  have  been  rather  a  high  one. 

The  scrobicular  circle  of  separate,  small,  tubercles  is  a  striking  feature  in  this 
species,  as  is  also  the  fact  of  there  being  six  vertical  rows  of  minute  tubercles  in  the 
interporiferous  zone,  which,  of  course,  is  broad.  The  great  number  of  pores  in  relation 
to  a  large  plate  is  very  remarkable. 

Locality.  Ranikot  series,  in  the  higher  part  of  the  gypseous  marls  from  hills  east 
of  Lynyan.    Suivcy-number  G  -ffflni 

Illustrations  of  the  Species  in  Plate  V. 

Fig.   9.  Phyllacanthua  lianikoti,  sp.  nov.  The  plates:  natural  size. 

10.  An  interradial  plate,  with  a  portion  of  an  ambulacrum  :  magnified. 

2.  PirvLLiVCASTHLS  Sindknsis,  sp.  nov.    Plate  V,  Figs.  11,  12. 

There  is  a  fragment  of  a  Cidarid  in  the  collection,  consisting  of  four  interradial 
plates  and  part  of  an  ambulacrum,  which  appears  to  belong  to  the  subgenus  Phylla- 
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ranthua,  and  to  differ  from  the  last  mentioned.  The  ambulacra  are  broad,  and  there 
are  two  small  miliaries,  in  vertical  Beries,  in  the  interporiferous  zone  of  one  side,  and 
nlso  a  very  minute  third  series.  The  number  of  pairs  of  tentaculiferous  pores,  in  rela- 
tion to  an  interradial  plate,  is  probably  about  10  or  12.  The  bosses  of  the  interradial 
plates  arc  well-developed,  surmounted  by  a  small  mamelon,  with  a  constricted  neck, 
and  rather  depressed  top,  which  is  perforate.  Crenulation  is  on  the  groove  around  the 
base  of  the  mamelon.  There  is  a  row  of  small  tubercles,  about  16  in  number,  around 
the  scrobicular  circle,  which  is  barely  sunken,  and  beyond  there  are  numerous  smaller 
rounded  tubercles,  gradually  diminishing  to  the  size  of  miliaries  close  to  the  sutural 
edges.  The  scrobicules  are  separated  from  the  upper  and  lower  sutural  edges  by  the 
single  row  of  larger  tubercles. 

The  locality  of  this  species  is  in  the  Ranikot  series,  north  by  east  of  Petiaui. 
Survey-number  G  fff. 

Illustrations  of  the  Species  in  Plate  V. 

Fig.  11.  Phyllacanthus  Sindensis,  a  portion  of  the  test:  natural  size. 
12.  A  plate:  magnified. 

Were  there  any  pits  within  the  scrobicular  circles  of  these  specimens,  their  alliance 
with  the  genus  Porocidaris  would  of  course  be  certain  ;  but  there  are  none. 

3.  Phtllacantiics,  sp.    Plate  V,  Figs.  4,  5. 

A  very  much  worn  specimen  from  the  Ranikot  series  shows  very  indistinct  remains 
of  furrows  close  to  the  scrobicular  circle,  and  converging  towards  the  base  of  the  boss. 
The  ambulacra  are  moderately  broad,  the  pores  are  conjugate,  and  the  boss  is  crcnulate 
at  its  groove  around  the  small  perforate  mamelon.  The  scrobicule  is  moderately 
sunken,  and  is  surrounded  by  a  row  of  small  secondaries,  and  beyond  it  are  many  irre- 
gularly placed  and  smaller  rounded  miliaries.  It  is  impossible  to  determine  the 
species,  and,  indeed,  there  may  be  some  doubt  about  the  genus,  for  so  many  of  the 
Ranikot  fossils  are  slightly  sand-scrubbed,  and  it  is  amongst  the  number. 

Locality.  Ranikot  series,  north  by  east  of  Petiaui.    Survey-number  G  \ |J. 

Illustrations  of  the  Species  in  Plate  V. 

Fig.  4.  Phyllacanthus,  sp.,  a  part  of  the  test :  natural  size. 
5.  A  plate :  magnified. 

Family  SALEMADJE,  lksor. 

Genus  SALENIA,  Agassiz. 

Small  swollen  Urchins  with  a  small  peristome,  barely  marked  with  cuts.  The 
ambulacra  arc  flexuous,  and  composed  of  narrow,  simple  poriferous  plates,  ornamented 
only  with  small,  closely  placed  granules.  The  interambulacral  tubercles  are  very  large, 
crenulatc  and  imperforate.     The  apical  disk  is  compact  and  has  an  undulating 
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contour ;  it  is  ornamented  on  its  surface ;  and  the  sutures  are  usually  punctured  with 
isolated  pits.    There  is  a  single  suranal  plate,  placed  in  such  a  manner  that  a  line 
drawn  through  its  centre  and  the  middle  of  the  periproct  reaches  the  other  side  of 
the  anal  ring  and  traverses  an  ocular  and  not  a  genital  plate. 
The  species  are  Cretaceous,  Eocene,  Miocene,  and  Recent 

1 

1.  Salenia  Blanforui,  sp.  nov.    Plate  VI,  Figs.  1-8. 

The  test  is  large,  depressed,  broader  than  high,  flat  at  the  abactinal  surface,  and 
narrower  and  slightly  incurved  at  the  actinal  part,  and  convex  at  the  ambitus. 

The  apical  system  is  small,  does  not  reach  nearly  to  the  edge,  where  the  test 
becomes  suddenly  convex ;  it  projects  very  slightly  at  the  suranal  plate,  and  is  pen- 
tagonal or  obscurely  circular  in  outline.  The  anal  opening  is  large,  and  is  surrounded 
by  a  raised  ring,  which  is  highest  where  it  is  formed  by  the  edge  of  the  suranal 
plate,  and  lowest  where  the  first  ocular  plate  enters  into  its  composition.  The  shape 
of  the  opening  is  an  irregular  oval.  The  madreporic  genital  plate  (plate  no.  2),  irre- 
gularly triangular  in  shape,  is  smallest  externally  and  broadest  internally ;  it  is  of 
about  the  same  dimensions  as  the  third  and  fourth  generative  plates,  being  very 
slightly  the  larger.  Its  margins,  like  those  of  the  other  apical  plates,  are  deeply  and 
sparsely  indented,  and  its  generative  pore  is  in  the  outer  third  ;  the  small  madreporic 
pit  is  raised  and  nearly  central,  and  there  is  some  minute  pitting  also.  The  plate 
does  not  reach  the  anal  orifice,  and  is  in  contact  with  the  generative  plate  on  either 
side  and  with  the  suranal  plate.  The  left  anterior  generative  plate  (the  third) 
resembles  the  madreporic  in  its  contour ;  it  is  flatter,  and  the  pore  is  large.  It 
touches  the  generative  plates  on  either  side,  and  joins  the  suranal  by  a  dentate 
suture  like  the  madreporic.  The  next  plate  in  succession  (the  fourth)  is  of  the  samr 
shape  as  those  just  noticed  ;  and  it  is  in  contact  with  the  suranal  plate,  but  it  docs 
not  enter  the  anal  ring.  The  posterior  generative  plate  (the  fifth)  is  broad  within, 
where  it  forms  part  of  the  anal  ring,  and  small  and  pointed  externally ;  it  is  shorter 
and  broader  than  the  others,  and  is  unsymmctrical.  Its  pore  is  large  and  at  the  base  of 
the  ring.  This  plate  is  in  contact  with  the  plate  just  described  (the  fourth)  and  with 
the  ocular  plate  which  enters  the  anal  system,  and  with  the  posterior  edge  of  the 
suranal  plate.  The  first  generative  plate  resembles  the  fifth,  and  forms  part  of  the 
anal  ring ;  it  is  in  contact  with  the  suranal  plate,  and  with  the  ocular  plate  (no.  1), 
and  it  is  also  in  contact  with  the  madreporic  plate  and  the  ocular  plate  (no.  2). 

The  ocular  plates  are  wide  and  short  from  within  outwards;  they  are  curved 
within,  and  straightcr  without,  with  a  projection  pointing  to  the  median  line  of  the 
ambulacrum.  They  are  subequal ;  but  the  first  plate,  the  right  posterior,  is  curved 
externally  and  broad  within,  and  it  enters  into  the  composition  of  the  anal  ring,  being 
united  to  a  generative  plate  on  either  flank.  The  suranal  plate  is  small,  and  may  be 
slightly  or  decidedly  smaller  than  the  madreporic  plate ;  it  is  indented  at  the  orifice, 
where  its  margin  forms  a  moderately  developed  ridge  projecting  obliquely ;  and  it  is 
in  broad  contact  by  processes  with  the  madreporic,  the  left  antero-lateral,  and  the 
left  posterior  lateral  plates  (that  is,  with  plates  2,  3,  and  4),  and  it  touches  by  its 
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extremities  the  other  generative  plates  which  enter  into  the  composition  of  the  anal 
orifice. 

The  suranal  plate  is  thus  in  contact  with  all  the  generative  plates.  One  ocular 
plate,  the  right  posterior  lateral,  enters  into  the  composition  of  the  anal  ring,  and 
so  do  the  two  generative  plates,  that  is  to  say  the  first  and  fifth. 

The  ambulacra  are  narrow,  slightly  wavy  in  their  course;  the  poriferous  zones 
reach  from  the  level  of  the  test  obliquely  to  the  interporiferous  zones,  which  are 
decidedly  above  the  level  of  the  intcrradia.  The  poriferous  zones  are  narrow,  and 
their  plates  are  numerous  and  about  40  in  vertical  series.  The  pores  are  round  and 
well  open  ;  and  one  is  a  perforation  in  an  ambulacral  plate,  and  the  other  of  the  pair, 
placed  more  or  less  obliquely  and  nearer  the  interporiferous  zone,  is  formed  by  an 
excavation  on  the  edges  of  two  consecutive  plates.  Each  of  these  last  kiud  of  pores  is 
in  the  line  of  suture  of  the  consecutive  ambulacral  plates,  and  each  is  separated  from  the 
other  above  it  by  a  ridge  continued  from  the  base  of  the  tubercle  on  the  edge  of  the 
interporiferous  area.  The  interporiferous  zone  has  on  either  side  a  vertical  series  of 
Kina.il  secondary  tubercles  with  minute  mamelons  and  non-crenulate  bosses ;  and  each 
tubercle  corresponds  to  a  broad  part  of  an  ambulacral  plate.  In  the  median  space 
there  are  two  parallel,  vertical  rows  of  large  miliaries,  of  about  the  same  number  as 
the  secondaries,  and  also  a  few  microscopic  granules. 

The  interambulacra  are  wide,  and  occupy  much  space  at  the  peristome  and  around 
the  apical  disk. 

There  are  four  very  large,  projecting  primaries ;  and  in  some  areas  there  is  a  fifth, 
but  slightly  smaller,  primary  tubercle.  The  larger  tubercles  have  a  large  boss  with  a 
circular  shoulder  to  it,  and  a  broad  top  which  is  crenulate.  The  mamelon  is  small, 
and  has  a  decided  neck  and  a  rather  flatly  rounded  top. 

The  scrobicular  circle  is  distinct  and  is  composed  of  a  few  small  tubercles,  with 
■till  smaller  ones  intercalated  here  and  there.  The  circle  is  complete  between  the 
tubercles,  but  not  between  the  tubercles  and  the  poriferous  zone.  An  irregular  row  of 
miliaries  is  beyond  the  circle  on  each  plate.  The  space  occupied  by  the  small  plate  in 
each  area,  near  the  apex,  is  covered  with  a  crowd  of  large  miliaries  ;  and  these  pass  into 
the  median  line,  but  they  soon  become  sparsely  distributed  there  in  two  rows  with  an 
occasional  intercalation.  Near  the  peristome,  where  the  small  primaries  are  found,  the 
miliaries  increase  in  number. 

The  peristome  is  rather  larger  than  the  apical  system,  is  somewhat  deeply  placed, 
is  obscurely  pentagonal  or  nearly  circular  in  outline,  and  the  cuts  for  the  branchiae  are 
very  small.    The  plates  are  numbered  in  this  description  according  to  Loven. 

Height  of  largest  test  £  inch  ;  breadth  inch. 

Locality.  Kanikot  series,  north  by  east  of  Petiani,  west  of  Kotri.  Survey-num- 
ber G  fffc 

There  is  a  small  much  worn  specimen  of  a  young  Salenia  in  the  collection  from  the 
same  locality  whence  the  other  forms  came.  It  has  large  primaries  ;  and  the  ambulacra! 
plates  are  singularly  distinct  and  free  from  ornament 
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Illustrations  of  the  Species  in  Plate  VI. 

Fig.  1.  Salenia  Jilanfordi,  Duncan  &  Sladen.    The  test:  natural  size. 

2.  The  apical  system  and  upper  surface :  magnified. 

3.  A  larger  specimen,  showing  the  actinal  surface :  slightly  magnified. 

4.  The  abactinal  surface ;  magnified. 
6.  A  specimen  :  natural  size. 

6.  A  portion  of  an  ambulacrum  :  magnified. 

7.  Three  plates  of  the  interradium  :  magnified. 

8.  A  young  specimen  :  magnified. 

This  species  of  Salenia  was  especially  noticed  by  Mr.  W.  T.  Blanford,  F.R.S., 
during  the  Surrey  of  Sind,  and  he  was  good  enough  to  examine  it  and  to  send  a 
description  of  it  to  us.  He  noticed  the  remarkable  smallness  of  the  apical  disk, 
and  that  one  of  the  ocular  plates  enters  the  anal  ring.  These  are  the  two  distinctive 
characters  of  the  form,  which  distinguish  it  from  the  European  Nummulitic  Salenia 
Pellati,  Cotteau,  and  Salenia  tertiaria,  Tate,  of  the  Miocene  of  Australia. 

Family  GLYPI10ST0MATA. 

S»kfnMily  DIADEM  ATIDJ1. 

Genus  CYPHOSOMA,  Agassiz,  1840. 

Test  moderate  in  size,  circular  or  subpcntagonal,  slightly  inflated  at  the  sides. 
General  facies  of  test  shows  a  regular  and  uniform  development  of  its  parts. 
Poriferous  zones  well  developed  and  undulated. 

Pores  simple,  usually  unigeminal  throughout,  sometimes  bigeminal  on  the  upper 
surface,  and  slightly  crowded  together  around  the  peristome.  The  poriferous  plates  are 
unequal  and  irregularly  arranged. 

Primary  tubercles  nearly  equal  in  both  areas.  Areolae  well  developed  and  some- 
times marked  with  radiated  striations.  Bosses  prominent,  summits  Bharply  crenulated. 
Mamelon  large,  prominent,  and  imperforate. 

Peristome  moderate  in  size  and  with  small  cuts. 

There  are  five  specimens  of  a  regular  Echinid  which  come  from  the  Ranikot  scries 
of  Sind,  and  they  are  in  a  good  condition.  Four  of  the  specimens  belong  to  one  species ; 
but  there  is  some  doubt  about  the  similarity  of  the  fifth  to  them,  notwithstanding  the 
allowances  that  may  be  made  for  its  being  the  youngest  and  smallest  of  the  forms. 

The  species  belong  to  the  genus  Cyphosoina,  Agass. ;  but  they  are  somewhat 
abnormal,  on  account  of  the  want  of  correspondence  in  size  between  the  ambulacral 
and  interradial  primary  tubercles,  the  last-mentioned  being  decidedly  the  larger.  The 
other  structural  characters  clearly  bring  the  forms  within  the  generic  idea ;  and  there- 
fore they  are  placed  in  it,  especially  as  some  variation  between  the  dimensions  of  the 
tubercles  of  both  areas  has  been  noticed  in  some  species  in  Europe. 
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I.  Cypuosoma  abxormalk,  Duncan  Sf  Sladen,  sp.  nov.    Plate  VII,  Figs.  1-7. 

The  test  is  depressed,  circular  in  marginal  outline,  very  bulging  at  the  sides,  nearly 
flat  at  the  abactinal  surface,  and  slightly  concave  actinally,  notwithstanding  some 
convexity  of  the  areas  around  the  rather  small  sunken  peristome. 

The  apical  system  is  small ;  details  not  preserved. 

The  ambulacra  are  comparatively  narrow,  and  enlarge  moderately  only,  at  the 
ambitus ;  they  are  not  quite  one  half  of  the  breadth  of  the  interradial  areas  at  the 
most  convex  part  of  the  test,  and  the  broad  poriferous  zones  arc  on  a  slightly  lower 
level  than  the  interporiferous  areas. 

The  pores  are  very  small  and  numerous,  bigeminal,  and  more  or  less  in  arcs  from 
the  ambitus  to  the  apical  system,  and  in  slightly  arched  simple  series  near  the  peristome. 

At  the  ambitus  the  ambulacral  tubercles  are  larger  than  elsewhere,  and  they 
diminish  in  size  more  suddenly  towards  the  peristome  than  towards  the  apex,  and  they 
are  less  numerous  in  the  former  direction.  The  larger  tubercles  have  a  broad  circular 
base ;  the  boss  slopes  gradually  upwards  to  a  well-dcvclopcd  neck,  which  is  surmounted 
by  a  small  maraelon,  rather  flattened  at  the  summit  and  imperforate.  The  crenulation 
is  distinct.  A  scrobicular  circle  of  a  few  large  and  small  miliarics  is  around  each 
tubercle ;  and  near  the  poriferous  zone  the  larger  of  these  miliarics  are  in  relation  to 
a  poriferous  plate,  a  line  of  depression  intervening  between  the  successive  miliaries. 
A  small  secondary  tubercle  is  seen,  here  and  there,  at  the  ambitus,  and  usually  they 
are  placed,  solitarily,  between  the  vertical  series  of  larger  tubercles.  Near  the  apex  the 
tubercles  are  small,  and  the  circle  of  smaller  tubercles  is  ill-defined ;  but  there  arc  a 
few  tubercles  of  intermediate  size  in  vertical  series.  Still  nearer  the  ambitus  the 
tubercles  are  larger,  and  begin  to  assume  the  character  of  those  at  the  ambitus.  Near 
the  peristome  there  is  a  short  close  vertical  series  of  small  tubercles  of  intermediate 
size,  followed  by  wider-apart  ones,  which  gradually  become  typical  tubercles.  In  the 
close  series  the  scrobicular  circle  of  miliaries  is  not  seen ;  but  it  commences  directly 
there  is  any  appreciable  distance  between  the  tubercles. 

The  interradial  areas  are  wide,  even  at  the  apex ;  and  their  tubercles  are  small 
away  from,  and  large  and  projecting  at  the  ambitus  ;  they  are  larger  than  those  of 
the  ambulacra.  A  large  tubercle  at  the  ambitus,  has  a  broad  base,  a  slanting  conical 
boss,  which  is  broadly  crenulate,  with  a  large  and  narrow  neck  and  a  small,  rather 
flat  mamelon.  The  scrobicular  circle,  of  a  single  row  of  largo  miliaries,  is  incomplete 
between  the  vertical  series  of  tubercles,  but  nearer  the  apical  system  it  is  nearly  com- 
plete. There,  the  tubercles  are  wider  apart,  and  the  miliary  circle  is  sparsely  furnished. 
At  the  actinal  surface  the  tubercles  are  larger  than  at  the  apex,  and  the  scrobicules  of 
the  vertical  series  are  not  separated. 

The  median  area  of  the  interradials  is  wide  and  wry  sparely  ornamented  with  large 
and  small  miliaries  near  the  apex,  a  very  few  small  tubercles  with  crenulatcd  bosses 
being  placed  in  alternate  vertical  series  near  the  median  line  of  suture.  They  are 
largest  at  the  ambitus. 

Between  this  series  and  the  scrobicular  circles  are  large  miliaries,  many  with  a 
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sharp  point ;  they  form  rather  indefinite  scrobicular  circles  around  the  small  tubercles ; 
and  others  are  dotted  about  here  and  there,  sparingly.  Hence  the  ornamentation  is 
distinct,  sparing,  and  unequal  in  the  median  area,  and  it  passes  in  arcs  on  one  side  of 
the  great  tubercles. 

Between  the  scrobicular  circles  of  the  interradials  and  the  poriferous  zones,  the 
ornamentation  consists  of  a  vertical  series  of  small  tubercles,  unequal  in  size,  and  of  a 
few  large  miliaries.  This  ornamentation  diminishes  near  the  apical  system,  and  a  few 
miliaries  are  seen  near  the  poriferous  zones.  A  similar  diminution  occurs  near  the 
peristome  in  the  ornamentation  of  this  particular  region.  There  are  traces  of  an 
indefinite  ribbing  down  the  flanks  of  some  of  the  bosses  of  the  interradial  area,  near  the 
poriferous  zones. 

Dimensions.  Breadth  of  the  specimen  1^-  inch  ;  height  rather  more  than  J  inch. 
Locality.  North  by  east  of  Petidni,  west  of  Kotri.     Kanikot  series.  Survey- 
number  G\\%. 

A  second  specimen  is  smaller  than  the  type  and  evidently  younger.  The  height 
is  h  inch,  and  the  breadth  li'0-  inch.  The  ornamentation  is  less  elaborate  than  that  of 
the  type ;  bnt  the  large  miliaries  of  the  plates  near  the  apical  system,  in  the  interradia, 
are  better  defined  in  their  circular  arrangement.  The  specimen  came  from  the  same 
deposit  as  that  just  described. 

A  small  form  clearly  belongs  to  this  species ;  and  the  principal  distinction  is  one 
of  age,  and  relates  to  the  ornamentation,  which  is  more  scanty. 

Further,  a  small  form  has  to  be  noticed  ;  and  its  value  is  in  the  preservation  of  the 
peristomial  margins.  The  peristome  is  small,  and  the  cuts  are  very  small.  The  pori- 
ferous zone  is  simple,  and  the  more  or  less  arched  series  of  pores  is  unigeminal,  except 
in  one  or  two  spots  near  the  apex  in  some  zones.  It  is  from  the  same  locality  ;  and  the 
dimensions  are,  breadth  ^  inch  and  the  height  A  >ncn- 

Illustrations  of  the  Species  in  Plate  VII. 
Fig.  1.  Cyphosoma  ainormale,  Duncan  &  Sladcn.     The  side  view  of  a  large 
specimen :  natural  size. 

2.  The  abactinal  surface :  slightly  magnified. 

3.  A  small  specimen :  magnified  2  diameters. 

4.  An  ambulacrum  of  the  large  specimen :  magnified. 

6.  The  interradial  tubercles,  near  the  ambitus,  of  the  smaller  specimen : 
magnified. 

6.  The  poriferous  zone  and  the  adjoining  ambulacral  and  interradial  plates, 

near  the  peristome,  of  the  larger  specimen :  magnified. 

7.  An  interradial  plate  of  the  large  specimen :  magnified. 

2.  Cyphosoma,  sp.    Plate  VII,  Figs.  8,  9. 

A  small  specimen  of  a  rather  worn  Cyphosoma  is  in  the  Ranikot  series  collection, 
and  is  from  the  same  locality  as  the  other  forms.  Its  tubercles  are  small,  and  there 
is  not  much  distinction  in  size  between  those  of  the  different  areas.   The  pores  arc  in 
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arcs  and  in  simple  scries,  and  the  ornamentation  is  very  simple.  Possibly  it  may  be  a 
young  specimen  of  the  species  just  described. 

The  breadth  is     inch,  and  the  height  is  not  quite  -fa  inch. 

Illustrations  of  the  Species  in  Plate  VII. 
Fig.  8.  The  test :  natural  size. 

9.  A  poriferous  zone  and  adjoining  areas :  magnified. 

There  are  two  fragments  of  a  test  of  a  Ct/phosoma  from  the  locality  which  yielded 
the  more  perfect  specimens.  One  is  part  of  a  large  form  of  the  species  just  described ; 
and  the  other  belonged  to  a  large  test  of  another  species.  This  test  is  characterized  by 
the  elaborate  ornamentation  which  exists  between  the  vertically  placed  tubercles,  whose 
scrobicular  circles  are  distinct.  The  intervening  space  is  ornamented  with  small 
tubercles,  with  mamelons  and  indefinite  scrobicular  circles  of  miliaries,  and  with  some 
large  and  small  miliaries,  which  are  irregularly  placed. 

Genus  ACANTH ECHINUS,  gen.  nov. 

A  large  fragment  of  a  regular  Echiuid  allied  to  the  Diadoraatidai,  without  apical 
and  actinal  portions,  and  showing  one  half  of  the  rest  of  the  test,  is  in  the  collection 
from  the  Ranikot  series.  The  details  of  the  structures  of  the  test  are  unlike  those 
of  any  known  genus.  The  description  of  the  specimen  can  only  relate  to  the  general 
shape  and  the  details  of  the  ambulacral  and  intcrradial  areas. 

We  propose  to  include  this  form  as  a  new  genus ;  for  although  it  has  some  of 
the  characters  of  Stirechinus,  Desor*,  there  are  generic  distinctions  to  be  observed 
oeiween  mem. 

Test  turban-shaped.  Ambulacra  convex  from  side  to  side,  one  half  the  breadth 
of  the  iuterradial  areas,  with  two  incomplete  vertical  rows  of  primaries.  Pores  in 
numerous  pairs,  forming  a  double  series  near  the  apex  only.  Interradials  with  sunken 
median  areas,  plates  distinctly  sutured  and  high.  Primary  tubercles  of  both  areas  well 
developed,  some  on  raised  areola?,  all  with  a  broad-based  tumid  boss  and  a  small  mamelon ; 
they  are  imperforate,  but  largely  crouulate,  with  ridges  passing  down  their  flanks. 
Secondaries  or  large  miliaries  sharply  pointed  and  spiny. 

The  species  may  be  called  Acanthechinus  nodulosus. 

1.  Acakthechisus  noduloscs.    Plate  VIII,  Figs.  1-3. 

The  original  shape  of  the  test  was  probably  turban-shaped,  or  depressed  and 
circular,  or  subpentagonal  in  marginal  contour.  It  was  flat  actinally,  bulged  at  the 
ambitus  and  for  a  short  distance  above,  and  it  sloped  gradually  upwards  to  the  apex, 
being  less  convex  there. 

Compared  with  the  interradials,  the  ambulacral  areas  are  small,  but  nearly  as 
prominent.    At  the  ambitus  the  width  of  the  ambulacrum  is  not  more  than  that  of  one 

•  Dessor,  'Synopnia  des  Echiaidn  Fu*siles,'  p.  131.  StirtMnu*  ScilUr,  Donor,- Echinn  SeUla,  Desm., 
from  the  Pliocene  of  Palermo  and  Monte  Mario. 
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half  of  the  interradial  area.  The  ambulacra  are  narrow,  and  are  convex  from  side  to 
ride.  There  are  a  few  primaries  in  the  inter  poriferous  zone.  They  are  small  at  the 
apical  end,  enlarge  gradually  towards  the  ambitus,  and  cover  much  of  their  plates  there. 
They  are  in  two  alternate  vertical  rows,  and  have  broad  bases,  tumid  bosses,  and  small 
mamelons.  The  bosses  are  crenulate,  and  also  ridged  down  their  flanks;  they  are 
upon  slightly  raised  areola;,  which  arc  marked  with  linear  depressions  and  intermediate 
ridges  in  connexion  with  the  poriferous  plates.  The  sutures  between  the  plates  of  the 
interporiferous  zones  are  distinct ;  and  between  them  and  the  base  of  the  mamilliform 
processes  are  a  few  large  miliaries  in  an  incomplete  circle,  and  they  arc  sharply  pointed 
or  nodulose,  and  are  usually  oblique  in  their  direction.  The  crenulation  takes  on  the 
form  of  nodules  more  or  less  sharp,  and  ridges  with  intermediate  furrows,  and  there 
may  be  pointed  granules  on  the  bosses.  The  small  mamelon  has  a  constricted  neck 
and  is  imperforate. 

Every  plate  of  the  interporiferous  zone  has  not  a  primary  tubercle  on  it,  and  there 
are  small  wedge-shaped  plates  between  the  tubercle-bearing  ones  in  vertical  series. 
Hence  the  tubercles  arc  rather  wide  apart,  one  above  the  other.  The  intermediate 
plates  are  furrowed  at  their  edge  in  the  direction  of  the  poriferous  plates,  and  they  have 
a  few  oblique  and  sharp-pointed  miliaries  on  them.  They  have  well-marked  sutures, 
and  are  comparatively  smaller  at  the  ambitus  than  near  the  apex. 

The  poriferous  zones  ore  narrowest  actinally,  and  slightly  largest  near  the  apex ; 
they  are  placed  obliquely  on  the  test,  on  the  lateral  slopes  of  the  ambulacra.  The 
number  of  plates  is  considerable,  and  there  are  from  10  to  17  in  contact  with  the 
larger  interradial  plates.  The  pores  are  crowded  vertically,  but  only  form  a  double 
series  near  the  apex,  although  there  is  much  close  alternation  or  serial  succession 
elsewhere.  Near  the  actinostome  they  are  in  single  vertical  series.  They  are  conjugate, 
small,  slightly  elliptical  or  round  ;  and  each  plate  has  raised  margins  above  and  below, 
which  form  between  them  hood-shaped  openings  and  tubular  furrows.  These  margins 
become  broken  ridges  in  some  places,  and  may  have  a  miliary  tubercle  upon  them.  The 
number  of  pairs  differs  in  relation  to  the  primary  ambulacral  plates,  and  there  are  often 
five  or  eight  pairs. 

The  interradial  areas  are  large,  have  their  sutures  very  visible,  the  median  space 
sunken,  and  the  projecting  centre  of  each  plate  occupied  by  a  very  projecting  large 
primary,  which  is  flanked  by  a  surface  on  which  are  placed  a  few  spiniferous  large 
miliaries,  and  some  small  miliaries  here  and  there. 

The  bosses  are  placed  on  raised  scrobicules,  surrounded  by  a  more  or  less  complete 
circular  furrow  ;  they  are  tumid  cones,  with  a  broad  apex  and  wide  base,  arc  furrowed 
and  ridged  on  the  flanks,  and  crenulate  and  nodular  above.  The  mamelon  is  small,  has 
a  tall  constricted  neck,  and  is  therefore  high  ;  it  is  imperforate.  There  are  eight  plates 
from  the  ambitus  to  the  apex,  in  each  half  of  the  area;  and  they  are  very  broad  near  the 
margin,  and  diminish  in  breadth,  and  increase  slightly  in  height,  towards  the  apical 
system. 

The  length  of  the  test  is  y*0-  inch  ;  the  greatest  width  of  the  ambulacra  fa  and  of 
the  interradial  areas  -fa  inch. 
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locality.  In  the  Ranikot  scries,  hills  east  of  Lynyan,  from  the  brown  limestone. 
Survey-number  G 

Illustrations  of  the  Species  in  Plate  VIII. 

Fig.  1.  Acanthechinus  nodulosus,  Duncan  &  Sladen.    The  remains  of  the  test . 
natural  6ize. 

2.  Ambulacral  and  interradial  plates  at  the  ambitus:  magnified. 

3.  A  primary  tubercle :  magnified. 


Subfamily  TEHSOPL  EURI DJZ. 

This  subfamily,  on  account  of  the  late  discovery  of  other  fossil  and  recent  forms 
than  it  formerly  comprehended,  must  be  considerably  enlarged.  A  critical  examination 
of  the  genera  and  species  hitherto  included  in  the  subfamily,  and  a  careful  morpho- 
logical study  of  one  group  of  the  genera,  necessitate  its  division  into  two  groups,  which 
probably  may  each  form  a  subfamily.  It  is  unfortunate  that  the  genus  Temnopleurus, 
which  is  not  represented  by  species  in  the  Nummulitic  series,  and  which  is  apparently 
a  recent  development,  should  have  given  the  name  to  the  subfamily,  many  of  the 
genera  of  which  arc  found  fossil.  The  morphology  of  the  test  of  the  genera  Temno- 
pleurim,  Salman's,  Amb/ypneustes,  and  Fleurechinus*  is  peculiar,  and  the  true  pits  at 
the  sutural  angles  undermine  the  test,  whose  plates  are  united  by  knob  and  socket 
suturing.  These  morphological  details  are  not  found  in  Temnechinus  and  the  forms 
found  fossil  in  the  Nummulitic  of  Sind,  although  some  of  them  have  been  classified  as 
species  of  Temnopleurus. 

Nothing  is  more  distinct  than  the  structure  of  the  outside  of  the  test  of  the  genus 
Temnechinus,  and  the  genera  we  associate  with  it,  and  that  of  the  genus  Temnopleurus 
and  the  genera  already  noticed  in  relation  to  it.  In  the  one  the  raised  ornamentation 
produces  the  appearance  of  depressions  along  the  whole  line  of  the  sutures,  especially 
of  the  horizontal  sutures ;  and  in  the  other  there  are,  besides,  deep  pits  at  the  sutural 
angles  and  a  special  method  of  union  of  the  plates.  The  structure  of  the  apical  system 
is  peculiar  in  some  of  the  genera  associated  with  Temnec/iinus,  and  differs  from  that  of 
Temnechinus  itself.  The  apical  system  of  the  Temnopleurids  with  true  pits  appears 
to  be  tolerably  uniform,  and  to  be  fashioned  upon  the  plan  of  Temnechinus.  CYenu- 
lation  and  non-crenulation  of  the  tubercles  exist  in  both  of  the  groups. 

We  have  had  the  advantage  of  examining  a  very  perfect  specimen  of  a  Glypho- 
typhus  from  the  Upper  Greensand  of  England,  and  also  of  studying  the  plates  of  other 
species  drawn  under  the  direction  of  Cotteau  and  Wright.  Our  form  is  clearly  of  the 
subfamily  Temnopleurids ;  but  it  does  not  belong  to  the  group  with  true  sutural  pits, 
but  to  that  with  Temuechinid  sutural  depressions. 

The  diagnosis  of  Glyphocyphus  is  given  in  d'Archiac  and  Haime's  'Animaux 

•  P.  Martin  Duucan,  Jouru.  Linaean  Soc.  vol.  xvi.  p.  243,  15*;!,  and  ibid.  p.  448. 
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Fossiles  de  l'lndc'  It  includes  small  urchins,  more  or  less  swollen,  with  straight  and 
simple  poriferous  zones.  The  peristome  is  small  and  sunken,  and  the  apical  disk  narrow 
and  annular.  The  tubercles  arc  small,  usually  not  very  distinct,  and  arc  crenulate  and 
perforate  ;  they  arise  from  the  midst  of  a  close  miliary  granulation,  which  forms  a  kind  of 
star  around  each  tubercle.  The  intcrambulacral  plates  have  their  sutural  lines  distinct  and 
even  slightly  grooved,  so  as  to  give  the  test  a  sculptured  appearance.  Desor  is  mistaken  in 
asserting  that  the  tubercles  arc  neither  crenulate  nor  perforate.  In  the  delineations  of 
G  old  fuss  of  the  species  nothing  can  be  made  out  satisfactorily ;  out  in  Deso  r 's  pictures 
of  Glyphocyphus  radiatua  the  whole  of  the  ocular  plates  come  into  the  oral  ring,  and 
the  primary  tubercles  have  a  vertical  ridge  uniting  them.  The  tubercles  are  perforate 
and  crenulate  in  British  specimens,  and  in  Glyphocyphus  conjunrtua  (the  Arbaria 
conjuncta  of  L.  Agassiz)  the  whole  of  the  tubercles  are  united  by  elongate  granules, 
but  the  aboral  lines  are  not  so  distinct  as  in  the  type  of  the  genus.  In  Glyphocyphus 
Neocomiensis,  Cotteau,  the  tubercles  are  both  crenulate  and  perforate. 

Glyphocyphus  may  be  considered  to  be  the  type  of  the  group  of  which  Temnechinw 
forms  a  part. 

In  the  Ranikot  series  of  Sind,  which  is  at  and  above  the  base  of  the  Nummulitic 
strata,  several  remarkably  ornamented  Echini  have  been  found  by  the  Geological 
Survey  of  India  under  Messrs.  Blanford  and  Fedden. 

Others  had  been  discovered  many  years  since  and  were  sent  to  MM.  d'Archiac 
and  Jules  Haime  for  description  in  their  great  monograph  'Sur  les  Animaux  Fossiles 
de  l'lnde.'  They  were  described  in  that  work  and  figured,  and  were  returned  to  the 
Geological  Society  of  London.  The  descriptions  are  long,  and  the  drawings  are 
exquisitely  definite ;  but  the  specimens  themselves  are  not  in  a  condition  to  satisfy  us 
even  about  their  generic  position,  from  the  light  cast  upon  them  by  the  beautiful  speci- 
mens belonging  to  forms  from  the  same  area  and  in  our  hands. 

We  arc  not  satisfied  that  they  have  true  pits  at  the  sutural  angles ;  and  it  appears 
to  us  that  the  various  species  arc  members  of  one  of  the  groups  typified  by  Glyphocyphus 
of  the  subfamily  with  raised  ornamented  ridges  and  depressions  over  the  sutures. 

The  drawings  in  '  Ix's  Animaux  Fossiles '  have  misled  Desor  and  A.  Agassiz  ;  and 
in  the  report  on  the  '  Challenger '  Echini  there  is  an  exquisite  drawing  by  this  last- 
mentioned  author  of  a  Pleurechinus,  which  he  compares  with  Temnop/eurus  Valen- 
ciennesi,  D'Archiac  &  Haime.  In  Pleurechinu*  bothryoides  of  Japan  the  ornamenta- 
tion is  raised,  and  the  sutures  are  distinctly  penetrated  by  a  deep  depression  at  the  angle 
of  the  plates.  It  is  a  true  Temuopleurid.  But  an  examination  of  the  type  from  Siud 
drawn  by  Messrs.  d'Archiac  and  Jules  Haime  proves  that  it  was  so  weathered  that 
the  imagination  of  the  draughtsman  was  founded  on  miserably  defective  structural 
details.  The  drawing  in  the  plate  of  the  great  work  is  absolutely  a  restoration.  No 
deep  pits  are  to  be  seen  at  the  angles. 

The  specimens  of  Echini  with  raised  ornamented  ridges  and  without  penetrations 
at  the  angles  of  the  sutures,  and  which  were  derived  from  the  Ranikot  series  of  Sind, 
are  numerous.  Some  are  beautifully  preserved,  others  arc  so  in  parts,  and  a  few  have 
been  so  weathered  and  worn  that  they  might  almost  be  placed  in  different  genera. 
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The  well-preserved  specimens  indicate  clearly  that  they  have  a  most  elaborate  raised 
ridge-like  ornamentation,  and  no  sutural  depressions  and  penetration  ;  and  the  badly- 
preserved  ones  have  the  appearance  of  deeply-bevelled  sutures,  and  as  if  the  test  had 
been  cut  out,  instead  of  added  to,  in  thickness. 

Genus  DICTYOPLEURUS,  gen.  nov. 

The  test  is  small,  hemispherical  above,  slightly  concave  below,  with  a  small 
peristome  and  small  cuts.  The  pairs  of  pores  are  in  continuous  straight  series.  The 
tubercles  of  both  areas  are  very  small.  Those  of  the  ambulacra  are  in  two  vertical 
scries  close  to  the  pores,  and  each  tubercle  is  united  by  a  vertical  raised  ridge  with 
those  above  and  below,  and  by  a  zigzag  of  raised  ridges  with  those  of  the  other 
vertical  series  opposite.  The  tubercles  of  the  interradial  areas,  in  two  vertical  series, 
are  on  vertical  raised  ridges  or  ribs.  Each  tubercle  is  continuous  with  two  of  the 
opposite  series  by  a  raised  ridge,  and  sends  off  two  or  three  ridges  to  the  poriferous  zone. 
The  tubercles  are  faintly  perforate  and  slightly  crcnulate,  and  there  arc  indications  of  a 
few  secondaries  around  them.  The  perforation  and  crenulation  is  indistinct  in  the  ambu- 
lacra! areas.  Here  and  there  the  narrow  raised  ribs  have  small  granules  upon  them. 
The  sutural  lines  of  the  plates  are  distinctly  seen,  and  there  are  no  depressions  or 
penetrations  of  them.  The  apical  system,  obliquely  placed,  is  elongate;  and  one 
ocular  plate  enters  the  anal  ring. 

1.  DiCTYOPLEi-Ris  ziczac,  Duncan  dt  Sladen.    Plate  IX,  Figs.  1-3. 

The  test  is  small,  hemispherical  above  the  rather  tumid  ambitus,  which  is  cir- 
cular in  outline,  and  slightly  concave  actually,  where  there  is  a  small  sunken  peri- 
stome with  slight  cuts. 

The  apical  system  is  large  for  the  size  of  the  test,  is  placed  obliquely,  and  the 
anus  is  elongate  and  elliptical  in  outline.  The  direction  of  the  long  axis  is  as  in 
an  Eihinometra.  The  ring  of  generative  plates  is  narrow ;  and  one  ocular,  the  right 
posterior,  enters  into  the  composition  of  the  anal  ring.  The  madreporic  body  rises 
like  a  small  knob,  and  its  plate  is  the  largest;  none  of  these  plates  enter  far  into  the 
interradial  areas.  The  ocular  plates  have  triangular  depressions  on  their  sutures  on 
either  side  of  a  vertical  line,  and  the  pore  is  visible  near  the  apex  of  the  blunt  angular 
projection. 

The  ambulacra,  about  one  half  of  the  breadth  of  the  interradials  at  the  ambitus, 
have  two  vertical  series  of  small  tubercles  on  narrow,  raised,  rounded  ridges,  placed 
close  to  the  poriferous  zones.  The  tubercles  are  small,  very  faintly  perforate  and 
crenulate,  and  they  increase  in  size  and  number  actinally.  The  intcrporiferous  zone  is 
crossed  by  a  zigzag  of  raised  ridges,  which  unite  the  opposite  and  alternate  tubercles 
on  the  vertical  ridges.  Much  of  the  surface  of  the  plates  is  seen  on  either  side  of  the 
ridges,  and  the  sutural  lines  arc  distinct ;  these  cross  over  the  ridges  in  young  specimens. 
The  pairs  of  pores  are  in  single  rows,  and  there  are  three  pairs  opposite  each  interradial 
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plate ;  they  arc  rather  large,  and  some  perforate  the  ridge  which  passes  from  the  ambu- 
lacral  raised  ridge  to  that  of  the  interradial  area.  The  intcrambulacra  are  broad,  and 
have  two  vertical,  narrow,  raised  ridges,  on  which  are  placed  the  twelve  small  primary 
tubercles.  The  ridges  are  rounded,  sometimes  have  a  single  granule  here  and  there; 
and  the  tubercles  are  largest  near  the  ambitus,  being  very  faintly  perforate  and  crenu- 
late,  and  occasionally  surrounded  by  a  circle  of  small  miliaries.  The  median  inter- 
ambulacral  space  is  occupied  by  a  zigzag  of  slightly  curved,  narrow,  rounded  ridges, 
smaller  than  those  of  the  vertical  series,  and  extending  from  the  tubercles  of  one  scries 
to  those  of  the  other  in  oblique  paths.  These  ridges  sometimes  carry  a  large  granule 
or  two. 

The  coronal  plates  are  very  visible  between  the  cross  ridges,  and  the  sutural  lines 
are  very  distinct.  Like  those  of  the  ambulacra,  the  sutures  do  not  mark  the  ridges  in 
the  larger  specimens,  but  they  cross  them  in  the  younger.  Between  the  interradial 
tubercles  and  the  ambulacra  there  are  groups  of  two  or  three  ridges  passing  obliquely 
off  from  each  tubercle ;  these  pass  between  the  poriferous  plates,  and  are  Bometimes 
perforated  by  the  pores,  and  finally  unite  with  the  adjoining  vertical  ridge  of  the 
ambulacrum. 

Height  of  test      inch,  breadth  ^  inch. 

Locality.  North  by  east  of  Petiani.    Ranikot  series.    Survey-number  G  f f$ . 

Illustrations  of  the  Species  in  Plate  IX. 

Fig.  1.  The  test  of  Dictyopleurtts  ziczac  :  natural  size. 

2.  The  apical  system  :  magnified. 

3.  An  ambulacrum  and  interradial  area  :  magnified. 

2.  Dicttopledbus  Uaimei,  sp.  nov.    Plate  IX,  Figs.  4,  5. 

The  test  is  small,  tumid  at  the  ambitus,  which  is  circular  in  outline,  conical  above, 
rather  flat  actinally,  and  sunken  at  the  small  peristome.  Apical  disk  wanting,  but  its 
direction  appears  to  have  been  oblique.  The  ambulacra  are  much  narrower  than  the 
interradial  areas  ;  the  poriferous  zones  are  narrow,  and  consist  of  a  continuous  single 
series  of  pairs  of  pores,  which  usually  penetrate  ridges  connected  with  the  interradial 
tubercles.  There  are  three  pairs  of  pores  to  each  interradial  plate.  Immediately  within 
the  series  of  pores  is  an  indistinct  raised  ridge ;  it  is  vertical,  thin,  straight,  and  discon- 
tinuous, here  and  there  carrying  very  small  tubercles ;  these  are  largest  near  the  actinal 
surface,  and  have  swollen  bosses  and  small  mamelous.  Crossing  the  space,  in  the  inter- 
poriferous  region,  between  these  vertical  ridges  is  a  series  of  oblique  narrow  ridges, 
sometimes  linear,  at  others  thicker,  and  ornamented  with  one  or  two  rows  of  miliaries. 
These  pass  from  one  tubercle  to  those  of  the  opposite  series  above  and  below; 
and  there  is  distinct  space  between  them  in  which  the  sutures  can  be  seen.  Here 
and  there  the  zigzag  becomes  disorderly. 

The  interambulacral  areas  have  two  vertical  narrow  ridges,  one  on  each  coronal 
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series ;  they  are  more  or  less  discontinuous  where  the  small  crenulate  and  perforate 
primaries  exist.  These  ore  in  slightly  sunken  scrobicules.  Actinally  the  scrobiculcs 
are  in  contact  with  the  vertical  ridge,  which  usually  has  a  row  of  miliaries  on  it.  On 
either  side,  and  abactinally  to  the  scrobicule,  is  a  raised  ornamentation  (on  the  base  of 
which  rests  the  scrobicule)  extending  on  cither  side,  and  marked  with  two  or  three 
horizontal  rows  of  miliaries.  Towards  the  ambulacrum  this  ornamentation  divides  into 
three  ridges,  which  are  continuous  with  the  poriferous  plates,  and  towards  the  median 
line  into  two  ridges,  which  unite  with  those  of  the  tubercles  above  and  below  of  the 
neighbouring  column.  The  ridges  are  narrow  and  miliary,  and  the  spaces  between 
them,  and  on  the  bottom  of  which  the  coronal  plates  and  distinct  sutures  are  seen,  are 
elongate  transversely,  being  crossed  vertically  by  the  raised  ridge  between  the  small 
primaries. 

There  are  no  penetrations  of  the  test  at  the  BUtural  angles.  Actinally  the  spaces 
between  the  ridges  become  deeper  and  smaller. 

Height  of  the  test  -ft  inch,  breadth  at  the  ambitus  -ft  inch. 

Locality.  Hills  east  of  Lynyan,  from  brown  limestones.  Kauikot  series.  Survey- 
number  G  ftfc  G  fff.  G  |lf . 

Illustrations  of  the  Species  in  Plate  IX. 

Fig.  4.  JHctyopleurus  Haimei,  Duncan  and  Sladen:  natural  size. 
5.  Part  of  an  ambulacrum,  and  interradial  area:  magnified. 

Dictyopleuhus  IUiMEi,  Duncan  <£-  Sladen,  variety. 

There  are  some  small  specimens  of  this  species  in  the  brown  limestone  whence 
the  type  was  derived  ;  and  they  seem  almost  to  unite  the  species  Dictyopleurus  costatus 
and  LHctyopleurus  d'Archiaci.    They  would  be  considered  young  forms  of  Temnopleurus, 


Dictyopltwut  Uaimei,  Tar. 


and  might  be  classified  with  one  of  the  species  of  that  genus  described  by  MM. 
d'Archiac  and  Jules  Haimc;  but  they  are  not  members  of  the  genus  Temnopleurus. 

The  main  distinction  of  these  specimens  from  the  type  of  Dictyopleurus  Haimei  is 
that  the  bands  of  transverse  raised  ornamentation  on  the  interradium  are  not  so  split  up 
and  are  higher;  the  bands  unite  along  the  median  hue  by  short  processes,  or  their  angles 
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join.  The  distinction  from  Dictyopleurus  d'Archiaci  is,  that  in  the  variety  there  is  a 
vertical  line  of  raised  tissue  in  the  interradium  on  either  side,  connecting  the  vertical 
row  of  tubercles  together.  The  test  is  very  thick ;  and  the  transverse  depressions  over 
the  sutures  are  deep  and  much  broader  than  high.  There  are  no  pits  in  the  test  at 
the  sutural  angles. 

3.  DicrroPLECBUs  d'Aechmci,  sp.  nov.    Hate  X,  Figs.  5-8. 

The  test  is  small,  conico-turban-shaped,  swollen  at  the  ambitus,  and  sloping 
gradually  to  the  apex  with  a  gentle  curve.  The  actinal  part  is  rather  flat  but  slightly 
convex,  and  the  actinostome  is  sunken  and  small.    The  apical  system  is  deficient. 

The  ambulacra  are  narrow,  the  poriferous  zone  slightly  sunken  ;  and  the  pores  are 
in  simple  vertical  series,  and  about  three  to  each  interradial  plate ;  they  are  on  slight 
ridges.  The  inter  poriferous  zone  has  a  ribbed  ornamentation  which  crosses  it,  leaving 
rather  irregularly-shaped  depressions  on  either  side  of  the  median  line;  these  are  deep, 
square,  or  irregularly  oval  and  triangular  spaces,  and  are  largest  above  the  ambitus. 
There  arc  also  transverse  linear  depressions ;  the  number  of  plates  is  considerable,  and  the 
ridges  on  them  are  of  different  lengths.  A  vertical  row  of  small  primaries  is  on  cither 
side  just  within  the  poriferous  zone ;  and  the  tubercles  are  raised  on  the  ridges,  have  a 
tumid  boss  and  a  small  mamelon ;  they  are  faintly  crenulated.  A  close  ornamenta- 
tiou  of  large  miliaries,  some  of  which  are  very  distinct,  covers  the  ribs  of  the  ornamenta- 
tion. The  interradial  areas  are  marked  with  well-developed  ornamented  transverse 
ridges  leaving  rectangular  furrows  between  them,  whose  transverse  continuity  is 
arrested  by  the  primary  tubercles.  The  ridges  arc  broad  and  high ;  moreover  they 
project  well  from  the  test;  they  are  rectangular,  have  their  actinal  edges  slightly  wavy, 
and  are  ornamented  by  three  transverse  rows  of  well-developed  miliaries.  Each  one 
is  connected  with  the  ambulacral  poriferous  plates  by  a  narrow  short  ridge,  and  with 
its  fellow,  on  the  opposite  side  of  the  median  line,  by  a  very  short  process  from  each 
upper  and  actinal  angle.  There  are  two  vertical  rows  of  primary  tubercles  on  the 
interradial  areas,  and  a  primary  is  thus  situated  in  the  midst  and  towards  the  actinal 
edge  of  the  ornamented  ridge.  It  is  large  for  the  dimensions  of  the  plate,  is  sur- 
rounded by  a  linear  scrobicular  circle,  and  has  a  tumid  bosB  and  a  small  mamelon. 
Crenulation  and  perforation  exist.  The  actinal  edge  of  the  tubercle  impinges  on  the 
plate  below ;  but  no  vertical  ridge  is  observed  in  the  perfect  form. 

Height  of  specimen  \  inch,  breadth  ^  inch. 

Locality.  Hills  east  of  Lynyan,  from  brown  limestones.  Ranikot  series.  Survey- 
number  G  \ 

The  specimen  which  has  been  taken  as  the  type  has  been  weathered,  except  close 
to  the  supporting  piece  of  rock,  and  the  furrows  over  the  lines  of  the  sutures  are  very 
distinctly  shown.  In  the  ambulacra,  the  larger  plates  which  supported  the  primary 
tubercles  are  projecting,  and  there  is  a  vertical  ridge  between  the  raised  ridges  of  the 
interradial  areas  in  relation  to  the  primary  tubercleB. 

Another  specimen,  which  has  been  well  weathered,  shows  these  points  more 
distinctly,  and  is  delineated  on  Plate  X,  Figs.  7  &  8. 
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Illustrations  of  the  Species  in  Plate  X. 


Fig.  6.  Dictyopleurvs  d'Arcfiiaci :  natural  size. 

6.  A  portion :  magnified. 

7.  A  weathered  specimen :  natural  size. 

8.  A  portion :  magnified. 


Genus  ARACHNIOPLEURUS,  gen.  nov. 


The  test  is  circular  in  marginal  outline,  depressed,  tumid  at  the  ambitus,  and  rising 
hut  slightly  above  it.  Peristome  deeply  sunken  and  small,  and  cuts  small.  Apical 
system  large,  deficient  in  details.  Ambulacra  narrow  ;  pores  uniscrial,  in  slight  curves, 
penetrating  ridges  which  are  continuous  with  tubercles  on  the  scrobicular  circles. 
Tubercles  small,  in  vertical  series,  perforated  and  crenulate,  with  very  large  scrobiculcs 
raised  above  the  test ;  small  secondaries  in  a  single  row  on  the  raised  scrobicular  circle, 
and  radiating  ridges  connecting  them  with  the  boss.  Small  nodulose  ridges  or  ribs 
uniting  the  secondaries  of  each  vertical  series  to  those  on  the  scrobicules  of  the  adjoining 
vertical  series  and  also  to  the  poriferous  zone.  Plates  and  sutures  visible  between  the 
ridges. 

1.  Akachnioplecrcs  reticclatus,  sp.  nov.    Plate  IX,  Figs.  6-8. 

The  test  is  small,  depressed,  faintly  conical  abactinally,  depressed  actinally,  with  a 
small  deeply-sunken  peristome  with  small  cuts. 

The  ambulacra  have  two  rows  of  small  perforate  and  crenulate  tubercles  situated  close 
to  the  poriferous  zone.  They  are  largest  at  the  ambitus,  and  very  small  near  the  apical 
system.  Inferiorly  they  arc  closer  together  than  abactinally,  and  better  developed. 
A  tubercle  at  the  ambitus  has  a  disk-shaped  scrobicule  elevated  above  the  mean  height 
of  the  test  j  and  ridges  rounded  and  narrow,  hut  long  and  shallow,  in  the  form  of  cost® 
radiate  from  the  base  of  the  boss.  One  passes  abactinally  ;  and  another  actinally  crosses 
the  scrobicule,  and  readies  its  margin,  where  it  may  unite  with  a  corresponding  one 
from  the  tubercles  in  vertical  series ;  or  it  may  unite  with  some  confused  costa;  having 
large  miliaries  on  them.  On  either  side  of  the  boss  three  or  four  costse  radiate  laterally, 
one  set,  the  longest,  joining  the  costa;  of  the  two  tubercles  of  the  neighbouring  ambu- 
lacral  plates,  and  the  other,  the  shortest,  pass  to  the  poriferous  zone  close  by.  Each 
costa  is  perforated  by  a  pair  of  pores.  A  few  knobs  or  large  miliaries  are  on  the  costa; 
here  and  there  ;  and  there  are  spaces  between  the  costa?,  large  and  oblique  in  the  median 
area,  and  wide  between  each  successive  boss.  The  plain  surface  of  the  test  is  seen  at 
the  bottom.  Near  the  actinostome  the  tubercles  and  costa;  become  rather  crowded,  and 
the  spaces  between  the  costa:  simulate  (but  are  not)  pits  in  the  test.  The  pores  are  in 
one  series,  and  occupy  but  little  space. 

The  interradial  areas  are  wide,  and  have  two  vertical  series  of  small  perforate  and 
crenulate  tubercles  rather  widely  apart.  The  tubercles  are  larger  than  those  of  the 
ambulacra,  are  largest  at  the  ambitus,  and  arc  most  crowded  towards  the  peristome, 
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where  they  rapidly  diminish  in  size.  The  costsc  radiate  from  the  base  of  the  boss, 
cross  the  scrobicule,  and  have  a  miliary  tubercle  on  them  at  the  circle-edge.  Three 
or  four  costce  placed  close  together  in  a  band,  unite  the  tubercles  of  the  same  vertical 
series,  and  two  bands  of  two  or  three  costie,  each  ornamented  with  a  miliary,  pass  off 
obliquely  to  unite  with  corresponding  costae  from  the  two  opposite  tubercles.  Four 
or  five  costffi  pass  to  the  poriferous  zone,  having  miliaries  here  and  there,  and  they 
join  the  perforated  costs?  of  the  ambulacra. 

Other  costse  occur  in  the  intervals  between  all  these  and  the  bands,  and  thus  a 
zigzag  series  of  narrow,  shallow,  and  broad  spaces  is  produced.  The  peristome  is  very 
small,  and  the  cute  also. 

Height  of  the  specimen  a*d  inch,  breadth  ^  inch. 

Locality.  North  by  east  of  Petiani,  west  of  Kotri,  in  the  Kanikot  series.  Survey- 
number  G 

Illustrations  of  the  Species  in  Plate  IX. 

Fig.  6.  Arachniopleurus  reticulatus,  Duncan  and  Sladen :  natural  size. 

7.  Part  of  an  ambulacrum  and  interradium  :  magnified. 

8.  Some  ridges  near  the  apical  disk :  magnified. 

Genus  PKOGONECHINUS,  gen.  nov. 
Test  of  small  size,  moderately  high,  subcorneal  above,  concave  beneath,  margins 
tumid. 

Poriferous  zones  straight,  pores  arranged  in  simple  continuous  series  throughout. 
Ambulacral  plates  with  three  pairs  of  pores  directly  suporposrd.  Inter  poriferous  areas 
with  two  vertical  series  of  primary  tubercles  placed  marginal ;  additional  primaries 
occurring  on  the  plates  near  the  ambitus ;  the  rest  of  the  plate  occupied  with  granules, 
lnterradial  plates  witli  groove-like  slits  at  the  inner  extremity  of  the  horizontal  sutures. 
Interradial  areas  with  two  continuous  vertical  series  of  primary  tubercles,  the  plates 
at  the  ambitus  with  two  or  more  companion  primaries  in  horizontal  line,  the  vertical 
series  of  these  being  not  continuous.  The  primary  tubercles  of  both  areas  are  neither 
crenulate  nor  perforate ;  those  of  the  interradia  are  slightly  longer  than  the  ambulacral 
tubercles,  and  are  sunken  in  deep  scrobicules.  Granulation  coarse  and  unequal,  with  a 
tendency  to  become  confluent  around  the  tubercles.  Some  larger  granules  with 
mamelons.    Apical  system  unknown. 

Peristome  subcircular,  with  rather  deeply  incised  slits,  with  margins  thickened  and 
reverted. 

1.  Progonechinus  Eoceniccs,  Duncan  &  Sladen.    Plate  X,  Figs.  1-4. 

The  test  is  depressed,  swollen  at  the  ambitus,  and  sloping  convexly  to  the  apex. 
The  actinal  margin  is  rather  pentagonal,  the  median  iutcrradial  and  ambulacral  vertical 
lines  are  slightly  depressed,  and  the  spaces  on  either  side  are  rather  tumid.    The  extra 
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tumidity  of  the  ambulacra  produces  the  peculiar  marginal  outline.  Below,  the  test  in 
slightly  concave. 

Apical  system  wanting.  The  peristome  is  rather  large,  slightly  pentagonal,  and 
the  cuts  are  distinct. 

The  ambulacra,  about  one  half  of  the  breadth  of  the  interradial  areas,  have  three 
pores  in  a  slight  depression  arranged  in  simple  vertical  series,  about  four  being  in  relation 
to  an  interradial  plate.  There  are  three  poriferous  plates  to  each  whole  compound  ambu- 
lacral  plate,  and  the  sutures  arc  very  distinct.  The  adoral  poriferous  plate  is  short  and 
band-like,  extending  the  whole  length  of  the  ambulacral  plate ;  the  median  plate  tapers 
wedge-like  inwardly,  and  is  not  more  than  two  thirds  of  the  breadth  of  the  column ;  and 
the  aboral  poriferous  plate  is  large,  and  might  from  its  shape  be  compared  to  the 
primitive  plate  of  an  echinid  ambulacrum.  The  plates  are  placed  rather  obliquely,  and 
arc  more  or  less  granular.  Near  the  apex  there  is  one  small  primary  on  each  of  the 
larger  plates;  near  the  ambitus  there  are  two ;  and  close  to  the  actinostome  there  is  but 
one,  and  it  is  larger  there  than  elsewhere. 

In  the  interradial  areas  the  median  depression  is  evident,  and  the  broad  and  rather 
low  coronal  plates  show  sutural  grooving,  and  near  the  angle  the  appearance  of  a  slit- 
like pit. 

At  the  ambitus  the  ornamentation  consists  of  three  small  primaries  or  scrobicules 
surrounded  by  miliary  granulation,  which  partly  forms  circles  around  the  areas,  and  a 
confused  intermediate  ornamentation.  Abactinally  the  number  of  primaries  on  each 
plate  diminishes  until  only  one  is  seen ;  and  actinally  they  also  diminish  in  number, 
become  larger  until  close  to  the  peristome,  and  have  distinct  scrobicular  circles. 
Extending  from  these  larger  primaries  on  the  actinal  surface  to  some  small  primaries 
near  the  pores  are  zigzag  ridges. 

The  tubercles  of  the  interradial  plates  have  a  flat  boss  and  small  mamelon,  and 
arc  imperforate  and  non-crenulated.  The  cuts  have  a  raised  elongate  ridge  around 
them. 

Height  of  the  specimen      inch,  breadth  ^  inch. 

Locality.  Uncertain  ;  but  the  colour  and  nature  of  the  fossilization  indicates  the 
dark-brown  Itanikot  limestone.    Survey-number  G  { 

Illustrations  of  the  Species  in  Plate  X. 
Fig.  1.  Progonechinus  Eocenicus,  Duncan  and  Sladen:  natural  size. 

2.  Part  of  an  ambulacrum  and  iiiterradium  near  the  ambitus:  magnified. 

3.  Part  of  an  interradial  area  near  the  actinostome :  magnified. 

4.  Side  view  :  natural  size. 

marks.  This  species  is  interesting  as  presenting  a  link  between  the  Diadcmatida: 
and  Echinida;  (Triplechinidaj).  The  structure  of  the  ambulacra  is  essentially  that  of 
the  former  group,  whilst  the  tubcrculation  and  general  facics  is  very  suggestive  of  some 
of  the  fossil  forms  of  Psammechinu*.    Although  the  specimen  under  notice  accords 
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closely  with  the  generic  formula  of  Echinodiadema ;  it  differs  greatly  both  in  the  form 
of  the  test  and  in  the  character  of  the  tuberculation,  and  differs  altogether  in  the 
presence  of  the  8almacis-\ikc  slits  or  grooves  in  the  sutures  of  the  intcrradial  plates. 
This  assemblage  of  characters  readily  distinguishes  our  form,  and  at  the  same  time 
debars  its  admission  to  any  known  genus.  It  is  to  be  hoped  that  further  material  will 
be  forthcoming  to  enable  a  more  complete  diagnosis  to  be  drawn  up. 

Subfamily  ECHIXID&. 
Stclion  POLYPOKI. 

A  fragment  of  a  large  regular  Echinid  of  the  Polypore  type,  with  a  stout  test,  has 
nine  interradial  plates  from  the  apex  downwards  preserved ;  a  corresponding  space  of 
an  ambulacrum  exists,  as  well  as  part  of  another  interradium. 

Genus  EURYPNEUSTES,  gen.  nov. 

Test  of  large  size,  probably  subconoid  or  subdepressed,  not  tumid. 

Ambulacral  areas  very  broad,  rather  narrower  than  the  interambulacral  opposite 
the  tenth  plate.  Poriferous  zones  very  wide,  about  one  fifth  of  the  breadth  of  the 
interambulacral  area.  Pores  arranged  in  three  vertical  series ;  five  or  six  poriferous 
plates  comprised  in  each  whole  compound  ambulacral  plate  ;  the  pairs  of  pores  borne 
on  each  are  disposed  in  the  zone  according  to  the  following  order:  two  or  three 
consecutive  pairs  of  pores  form  a  slightly  oblique  arc  at  the  outer  margin  of  the  zone ; 
the  pair  borne  on  the  next  more  aboral  poriferous  plate  stands  in  the  middle  of  the 
zone ;  and  the  pairs  borne  on  the  succeeding  two  plates  are  placed  in  slightly  oblique 
sequence  on  the  inner  margin  of  the  zone.  The  outer  vertical  series  thus  consists  of 
slightly  oblique  arcs  of  two  or  of  three  pairs ;  the  median  series,  which  is  somewhat 
irregular,  of  single  pairs,  widely  spaced  in  vertical  sequence ;  and  the  inner  vertical 
series  of  two  pairs  of  pores,  which  stand  to  one  another  in  oblique  succession.  A 
straight  and  regular,  vertical  line  of  primary  tubercles  stands  at  the  extreme  margin  of 
the  interporiferous  area  on  cither  side ;  one  primary  is  on  each  plate,  the  intermediate 
space  being  occupied  by  a  number  of  very  small  widely  spaced  secondary  tubercles 
and  miliary  granules. 

Interambulacral  areas  with  two  continuous  vertical  series  of  primary  tubercles 
similar  to,  and  only  slightly  larger  than,  the  ambulacral  tubercles,  placed  nearer  to  the 
poriferous  zone  than  the  middle  of  the  plate ;  near  the  ambitus  a  second  and  more 
outward  tubercle  is  present.  The  inner  portion  of  the  plate  is  occupied  by  very  small 
secondaries  and  miliaries. 

In  consequence  of  the  wide  and  trilinearly  arranged  poriferous  zones,  this  genus 
presents  a  closer  superficial  resemblance  to  I/ipjwnoe,  Gray  (Tripneustes,  Agassiz),  than 
to  any  other  of  the  Polypori.  In  structural  detail,  however,  it  is  widely  separate,  and 
is  readily  distinguished  from  any  of  the  known  forms  by  the  crenulate  tubercles,  the 
number  and  arrangement  of  the  pores  and  poriferous  plates,  and  the  character  of  the 
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I.  Eurtpxeustes  grandis,  Bp.  nov.    Plate  VIII,  Figs.  4,  5. 

The  ambulacrum  is  very  wide,  but  near  the  ambitus  it  has  not  quite  the  breadth 
of  the  interradium  there.  The  poriferous  zone  is  very  wide,  but  it  does  not  equal  the 
interporiferous  area  in  breadth  at  a  slight  distance  from  the  apex.  The  poriferous 
zones  are  nearly  on  a  level  with  the  rest  of  the  test,  being  very  slightly  depressed ; 
they  are  narrow  towards  the  apex,  but  they  soon  enlarge,  and  then  remain  at  very 
much  the  same  breadth.  The  series  of  pores  are  not  crowded  except  near  the  apex, 
where  there  is  a  simple  succession  opposite  the  first  intcrradial  plate ;  lower  down 
there  is  crowding,  and  some  pores  are  out  of  the  straight  line.  The  third  interradial 
plate  (and  three  below  it)  has  in  relation  to  it  two  distinct  series  of  pores,  an  outer 
and  inner,  and  an  indefinite  middle  series.  There  is  thus  a  vertical  series  of  pairs 
of  pores  on  either  side  of  the  poriferous  zone,  and  a  more  incomplete  one,  with 
intervals  here  and  there,  in  the  middle  part  of  the  zone.  Really,  at  the  ambitus,  there 
are  two  vertical  series  of  triple  pairs,  one  pair  often  being  in  the  middle  of  the  zone. 
Near  the  ambitus  there  are  usually  six  poriferous  plates  to  each  whole  composite 
ambulacral  plate ;  but  on  the  upper  portion  of  the  area,  and  also  here  and  there  else- 
where, one  of  the  poriferous  plates  is  wanting,  and  the  regular  sequence  of  two  sets  of 
triple  pairs  is  destroyed.  The  pores  are  large  and  nearly  circular  in  outline,  and  the 
three  and  two  pairs  are  close,  in  vertical  succession  ;  but  there  is  some  space  between 
the  series  in  all  directions. 

The  ornamentation  of  the  poriferous  zone  is  scanty ;  there  are  a  few  small 
tubercles,  with  slightly  crenulated  processes,  and  they  are  placed  in  twos  or  threes 
obliquely  between  the  succession  of  the  central  series  of  pores.  Usually  the  tubercles 
are  of  three  sizes,  the  smallest  being  nearest  the  inner  row  of  pores.  Many  sharply 
pointed  miliaries  exist  on  the  ridges  between  the  pores,  and  are  oblong  or  in  linear 
series. 

The  miliaries  in  linear  series  are  very  small,  and  follow  the  lines  of  the  junction  of 
the  poriferous  plates. 

The  interporiferous  zone  is  narrow  towards  the  apex,  and  it  soon  widens,  so  that 
at  the  level  of  the  tenth  interradial  plate  it  is  nearly  twice  the  width  of  the  poriferous 
zone.  The  plates  arc  double  the  number  of  those  of  the  interradial  area,  and  each  one 
carries,  near  the  poriferous  zone,  a  primary  tubercle,  imperforate  and  crenulated.  These 
tubercles  are  smaller  than  the  primaries  of  the  interradial  area,  and  increase  in  size 
from  above  downwards.  They  are  in  vertical  series,  and  are  well  apart ;  and  the  surface 
of  the  test  between  the  tubercles  is  plain.  The  remainder  of  the  plate  has  a  few  very 
small  and  faintly  crenulated  secondary  tubercles  on  it,  and  a  few  miliaries.  The 
number  of  these  small  tubercles  increases  towards  the  ambitus,  and  seven  or  eight  are 
noticed  on  the  largest  plates. 

The  interradial  area  has  the  plates  slightly  convex  from  side  to  side,  and  the 
sutures  very  distinctly  marked.  One  vertical  row  of  large  crenulated,  imperforate 
tubercles  is  on  the  ambulacral  side  of  the  plate,  and  a  second  and  slightly  smaller  row 
is  commenced  at  the  sixth  plate  from  the  apex.    The  tubercles  have  broad  bosses  arising 


OF  WESTERN  SIND. 


47 


from  a  very  faintly  marked  scrobiculc  environed  more  or  less  distinctly  by  a  few  wide- 
apart  miliarics.  The  boss  is  tumid,  and  the  crenulation  passes  down  the  flanks ;  the 
mamelon  is  small.  The  number  of  the  large  tubercles  in  vertical  series,  in  relation  to 
that  of  the  ambulacral  series,  is  one  half ;  and  the  interradial  ones  are  at  least  one  third 
larger  than  the  others.  As  the  vertical  series  passes  downwards  it  is  placed  nearer  the 
centre  of  the  plate  in  order  to  permit  the  second  series  to  come  in.  In  the  higher 
plates,  from  the  fifth  towards  the  poriferous  zone,  there  are  a  few  Bmall,  crenulate, 
imperforate  tubercles  ;  they  are  represented  by  large  miliarics  nearer  the  apex,  and  by 
larger  tubercles  lower  down.  Towards  the  median  line  of  the  interradial  area  no 
large  tubercles  exist,  but  there  are  several  crenulate  and  imperforate  ones  about  the 
size  of  the  boss  of  the  larger  tubercles,  and  they  are  scattered  without  order. 

Here  and  there  are  some  small  miliaries.  Hence  there  is  much  median  space, 
without  any  large  tuberculation,  on  the  upper  part  of  the  test. 

The  breadth  of  the  largest  interradial  plate  is  |  inch,  and  the  breadth  of  the 
ambulacrum  at  the  same  level  is  J  inch. 

Ijocalittj.  North  by  east  of  Petiani,  west  of  Kotri.  Ranikot  series.  Survey- 
number  G 

Illustrations  of  the  Species  in  Plate  VIII. 

Fig.  4.  The  specimen  of  Eurypneustes  grandis,  Duncan  and  Sladen:  natural  size. 
6.  The  tenth  interradial  plates  and  corresponding  ambulacral  plates:  mag- 
nified 3  times. 

A  large  portion  of  the  test  of  one  of  the  regular  Echini  is  in  the  collection  from 
the  Ranikot  series.  The  actinal  surface  of  the  test  is  partly  preserved,  but  only  a 
small  portion  of  the  peristome  is  visible ;  the  ambitus  is  defective,  and  there  are  parts 
of  the  ambulacra  and  interradial  series  above  it  in  a  bad  state  of  preservation.  The 
apical  system  is  absent.    The  general  shape  has  been  preserved. 

The  details  of  the  test  indicate  that  it  belongs  to  a  genus  not  hitherto  noticed,  and 
they  arc  described  with  the  hope  that,  on  some  future  occasion,  more  perfect  specimens 
may  be  found. 

Genus  /EOLOPNEUSTES,  gen.  nov. 

Test  of  large  size,  subcircular  or  subpentagonal  in  marginal  contour,  subdepressed 
and  subcorneal  abactinally.    Sides  tumid. 

Ambulacra  broad,  narrower  than  the  interradial  areas.  Poriferous  zone  wide, 
equal  to  or  greater  than  half  the  breadth  of  the  interporiferous  area ;  both  zones 
broadest  just  above  the  ambitus,  and  decrease  gradually  towards  the  peristome.  The  pores 
on  the  abactinal  portion  of  the  zone  are  arranged  in  almost  horizontal  arcs  of  five  or  six 
pairs,  very  regular  and  very  closely  placed ;  below  the  ambitus  on  the  actinal  surface  the 
number  of  pairs  of  pores  in  each  arc  diminishes,  the  arc  straightens,  and  the  angle  of 
obliquity  decreases,  by  gradual  stages,  until  close  to  the  peristome  the  pairs  of  pores 
stand  in  almost  straight  and  simple  vertical  series. 

n2 
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In  the  interporiferous  areas  on  the  actinal  surface  there  is  a  straight  vertical  scries 
of  primary  tubercles,  crenulatc  and  imperforate,  placed  on  each  margin,  and  here  and 
there  a  companion  tubercle  of  similar  size  placed  on  the  inner  part  of  the  plate ; 
ordinarily,  however,  this  part  of  the  plate  is  occupied  only  with  a  few  small  and  widely 
spread  miliaries.  It  is  impossible  to  state  accurately  the  disposition  of  the  tubercles 
above  the  ambitus. 

The  plates  of  the  interambulacral  area  are  very  broad  and  short ;  in  the  actinal 
portion  there  are  two  continuous  vertical  series  of  primary  tubercles,  placed  rather 
nearer  to  the  poriferous  zone  than  the  middle  of  their  respective  plate.  Near  the 
ambitus  there  may  be  one  or  even  two  similar  tubercles  on  either  side  of  the  central 
primary,  standing  in  a  horizontal  line,  the  number  of  tubercles  decreasing  towards  the 
peristome. 

The  ornamentation  of  thcabactinal  portion  of  the  area  is  undistinguishable ;  but  it 
is  probable  that  the  inner  half  of  the  plate  was  occupied  only  by  rather  widely  spaced 
miliary  granulation.    The  primary  tubercles  of  both  areas  are  Bmall  and  uniform  in 

Peristome  small  and  more  or  less  sunken,  with  narrow  and  deeply-indented 
mouth-slits. 

1.  ^Eolopxei'Stks  dk  Loriom,  sp.  nov.    Plate  VIII,  Figs.  6-9. 

The  test  is  thin,  pentagonal  in  marginal  outline,  tumid  at  the  ambitus,  and  slopes 
thence  gradually  to  a  narrow  apex.  The  actinal  surface  is  generally  flat,  but  there  is 
a  slight  convexity  about  it,  and  the  moderately  sized  peristome  is  decidedly  sunken. 

The  breadth  of  the  test  is  nearly  double  the  height ;  the  ambulacra  are  slightly 
more  prominent  above  the  ambitus  than  the  interradial  areas,  which  have  a  strongly 
marked  median  depression  ;  and  the  primary  tubercles  are  small  and  equal  throughout, 
few  in  number,  imperforate  and  crenulate. 

The  pores  arc  in  simple  series  near  the  peristome,  but  increase  in  number  in  relation 
to  the  interradial  plates,  towards  the  ambitus,  and  on  the  upper  part  of  the  test,  where 
they  are  in  several  series  of  arcs  in  a  broad  zone. 

The  apical  system  is  wanting  in  the  specimen. 

The  ambulacra  are  broad,  more  than  one  half  the  width  of  the  interradial  areas  just 
above  the  ambitus,  and  then  contract  gradually  towards  the  peristome.  The  poriferous 
zones  are  wide,  being,  above  the  ambitus,  equal  to  or  even  more  than  half  the  breadth  of 
the  interporiferous  area,  narrowing  greatly  towards  the  peristome.  The  pores  on  the 
abactinal  portion  of  the  zone  are  arranged  in  almost  horizontal  arcs  of  five  or  six  pairs, 
very  regular  and  very  closely  placed.  Just  below  the  ambitus  on  the  actinal  surface  the 
number  of  pores  in  each  arc  is  six,  and  the  angle  of  obliquity  about  4o' ;  rather  nearer  the 
peristome  the  number  is  reduced  to  five ;  and  about  midway  between  the  ambitus  and 
the  peristome  there  are  only  four,  and  these  are  arranged  in  slightly  oblique  lines 
instead  of  arcs;  the  number  is  then  reduced  to  three,  and  the  obliquity  becomes  still 
less,  until  close  to  the  peristome  the  pairs  of  pores  stand  in  almost  straight  and 
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simple  vertical  series.  The  pores  are  round,  conjugate,  close ;  and  close  above  and 
below,  the  pairs  being  separated  by  a  ridge  with  a  very  small  tubercle  upon  it.  The 
composition  of  the  ambulacral  plate  is  interesting.  The  lowest  or  most  adoral  of  its 
poriferous  plates  usually  extends  the  whole  breadth  of  the  ambulacral  plate,  as  a  band- 
like strip  of  uniform  thickness ;  the  next  pair  of  pores  is  borne  on  the  primary  ambu- 
lacral plate ;  and  the  succeeding  poriferous  plates  are  small  wedge-like  plates  for  the 
reception  of  which  the  primary  ambulacral  plate  has  its  aboral  and  outer  margin 
scooped  away,  the  aboralmost  of  these  small  plates  not  being  more  than  one  half  the 
breadth  of  the  ambulacral  plate,  the  intermediate  ones  smaller  still. 

The  ornamentation  of  the  interporiferous  zone  is  simple  :  there  is  a  small  primary 
tubercle  on  each  plate,  placed  nearer  the  poriferous  zone  than  the  median  sutural  line 
from  the  actinostome  to  near,  or  midway  to,  the  margin,  where  a  second  tubercle  is 
seen  on  two  or  three  plates.  The  tubercles  are  small,  nearly  equal,  and  crenulate, 
and  their  bases  arc  flush  with  the  test.  A  few  very  small  tubercles,  larger  than 
miliaries,  are  scattered  without  much  order  on  the  plates  near  the  margin,  and  are  still 
nearer  the  peristome. 

The  interradial  areas  are  occupied  by  numerous  low  and  broad  plates,  larger  than 
those  of  the  ambulacra  ;  the  median  suture  is  well  developed,  and  the  other  sutures 
also,  and  they  indicate  some  curving  of  the  upper  and  lower  margins  of  the  plates. 
The  tubercles  arc  small  on  the  plates,  equal  to,  if  not  slightly  larger  than  those  of  the 
ambulacra.  On  the  actinal  surface  there  is  one  primary  tubercle  on  each  plate  near 
the  peristome ;  a  little  further  out  there  arc  two,  and  nearer  the  margin  three,  ami 
finally  four  to  a  plate.  There  are  two  vertical  rows,  which  reach  to  the  peristome  on 
each  interradial  area;  and  then  further  out  there  are  rows  corresponding  with  the 
increase  in  number  of  the  tubercles.  There  are  a  few  very  small  tubercles,  and  some 
miliaries  slightly  smaller  on  the  plates,  and  they  are  sparsely  placed  in  more  or  less 
concentric  rows  around  the  larger  tubercles. 

Above  the  margin  the  number  of  larger  tubercles  can  be  estimated  in  Bpite  of  the 
worn  condition  of  the  test,  and  two  on  each  plate  appears  to  be  the  number.  The 
smaller  tubercles  are  larger  there  than  on  the  actinal  surface,  aud  surround  the  larger 
ones  in  a  scrobicular  circle,  giving  a  granulated  appearance. 

The  cuts  for  the  bronchia:  arc  well  developed. 

The  length  of  the  test  is  nearly  ly>0  inch,  and  the  breadth  is  2-^  inch. 
Locality.  Ranikot  series,  north  by  cast  of  Pctiani,  west  of  Kotri.  Survey-number 
GUI 

Illustrations  of  the  Species  in  Plate  VIII. 

Fig.  0.  The  outline  of  the  test :  natural  size. 

7.  The  actinal  surface :  natural  size. 

8.  A  part  of  the  actinal  surface  :  magnified. 

9.  The  cuts  and  the  ambulacrum  near  the  peristome. 


THE  FOSSIL  ECHINOIDEA 


Spines  of  Cidarida.    Plates  X.  &  XI. 

Numerous  spines  of  Bpecies  of  the  genera  Cidaris,  Phyllacanthus  (Rhaidocidaris), 
and  Porocidaris  are  in  the  collection  of  Echinoidea  from  the  Ranikot  scries  of  Sind. 

Spwes  of  Species  of  Cidaris. 

In  Plate  X.  the  figures  9  and  10  represent  a  long  tapering  spine  with  a  slightly 
compressed  outline,  a  plain  surface  for  a  short  distance  above  the  projecting  ring  above 
the  base  of  the  shaft,  and  longitudinal  rows  of  small,  close,  bluntly  serrate  knobs  along 
the  shaft  reaching  from  the  plain  surface  to  the  tip. 

A  larger  and  more  coarsely  ornamented  spine,  with  incisions  on  the  ring  around 
the  hollow  for  the  tubercle,  is  drawn  at  figures  11  &  12. 

A  thin,  small,  and  almost  plain  spine  with  the  milled  ring  slightly  crenulate,  on 
one  side,  is  drawn  on  figures  13  &  14. 

The  locality  whence  these  spines  were  derived  was  north  by  east  of  Petiani,  west 
of  Kotri,  in  the  Ranikot  series.    Survey-number  G 

The  broader,  stouter,  more  fusiform,  and  more  roughly  granular  and  spinulose 
spines,  with  slightly  triangular  and  compressed  sections,  figured  on  Plate  XI.  figs.  1-11, 
are  probably  those  of  species  of  Cidaris. 

Locality.  Ilills  east  of  Lynyan,  Ranikot  series.    Survey-number  G  f . 

A  Porocidaris  spine  of  great  interest  is  figured  on  Plate  XI.  Figure  12.  The 
spine  fractured,  natural  size,  and  its  section.    Figure  13.  The  same,  magnified. 

This  spiue  is  greatly  compressed  above  the  cylindrical  base,  which  has  a  crenulate 
ring  below  the  shaft,  and  also  a  crenulate  ring  around  the  cavity  for  the  tubercle. 

The  shaft  has  a  broad  central  part,  from  the  sides  of  which  numerous  stout  pro- 
cesses project  obliquely  upwards.  The  front  of  the  flattened  shaft  has  a  longitudinally 
striated  ridge ;  and  the  back  is  slightly  convex  and  striated.  The  raised  stritc  pass 
off  into  the  lateral  processes. 

Locality.  Makli  Hill  scarp,  near  Tatta,  Ranikot  scries.    Survey-number  G  fgf. 

Numerous  large,  much  flattened,  broad  spines,  with  small  crenulate  rings,  belong 
to  the  genus  Phyllacanthus  (Mabdocidaris,  Desor).  The  flat  surfaces  are  ornamented 
with  numerous  blunt  serrations ;  and  these  are  largest  at  the  sides,  from  which  some 
project  considerably.    Plate  XI.  figs.  14-23. 

Locality.  Hills  east  of  Lynyan,  Ranikot  series.    Survey-number  G  \ 
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Order  ECHINOIDE  A  EXOCYCLICA. 

Suborder  GNATHOSTOMATA. 
Family  COSOCLYPEIhM. 

Genus  CONOCLYPEUS,  Agassiz,  1840  (amended). 

Large  Urchins,  more  or  less  oval  or  elliptical  in  marginal  outline,  conical,  vaulted 
swollen  or  subcorneal  above,  rather  flat  actinally,  and  with  a  thick  test.  Apical  system 
button-shaped  and  projecting ;  ocular  plates  very  small.  Ambulacra  very  long,  straight, 
not  tending  to  close;  poriferous  zones  broad,  conjugate ;  grooves  well  developed  ;  inter- 
porifcrous  zone  large.  Peristome  central,  with  well  developed  tumid  bourrelets,  and 
without  a  phyllode.  Jaws  exist,  and  auricles  also.  Periproct  inframarginal  or  mar- 
ginal, oval  and  longitudinal.  Ornamentation  small,  very  equal,  of  sunken  scrobicules 
surrounding  small  tubercles,  with  a  mamelon  which  is  perforate  and  crenulate,  and 
separated  by  a  raised  surface  minutely  granular. 

1.  Coxoolypkus  Sindexsis,  sp.  nov.    Plate  XII,  Figs.  1-4. 

The  test  is  very  thick,  elliptical  in  marginal  outline,  subcorneal,  broader  than  high, 
longer  than  broad,  more  tumid  anteriorly  than  posteriorly  (above  the  swollen  ambitus), 
and  sloping  more  suddenly  anteriorly  than  posteriorly.  The  transverse  section  in  a  line 
with  the  apical  system,  which  is  excentric  in  front,  is  nearly  hemispherical  above.  In 
the  longitudinal  section,  the  posterior  slope  from  the  apical  system  is  at  first  rather 
sharply  impressed,  then  curved  outward  somewhat  tumidly  at  about  two  thirds  the 
distance  from  the  apex  to  the  posterior  extremity,  and  thence  slopes  down  rather  rapidly 
to  the  margin.  The  actinal  surface  is  slightly  tumid,  and  slopes  to  the  margin  and 
to  the  central  peristome.    Apical  system  defective,  but  was  small. 

The  ambulacra  are  long  and  unequal.  The  odd  and  the  anterior  pair  are  straight ; 
and  the  posterior  pair,  which  are  the  longest,  are  gracefully  curved,  being  bowed  out 
laterally  at  their  upper  third  conformably  with  the  incurved  or  impressed  portion  of  the 
odd  interradium.  They  do  not  come  very  close  to  the  margin,  and  are  widely  open 
at  the  extremity. 

The  poriferous  zones  arc  broad  ;  the  pairs  of  pores  are  numerous,  the  grooves 
between  them  well  pronounced,  and  the  raised  intermediate  ridges  have  one  row  of  well- 
developed  granules.  In  the  anterior  odd  ambulacrum  the  poriferous  zone  is  broader 
than  the  intcrporiferous  area,  except  in  the  actinal  third,  where  this  last  region  is 
slightly  the  broadest.  But  in  the  posterior  ambulacra,  at  the  lower  end  of  the  upper 
third  the  interporiferous  zone  is  equal  in  breadth  to  one  of  the  poriferous  zones.  The 
inner  pore  is  larger  than  the  outer. 

At  the  actinal  termination  of  the  ambulacra,  and  above  the  margin,  the  poriferous 
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zones  suddenly  diminish  in  breadth,  and  the  direction  of  the  pores  becomes  oblique, 
and  that  of  the  grooves  also  ;  so  that  whilst  the  direction  of  the  inner  pores  is  nearly 
in  the  line  of  the  series,  that  of  the  outer  set  describes  about  one  quarter  of  a 
circle.  A  single  row  of  pores  is  continued  from  each  zone  over  the  ambitus  to  the 
peristome,  where  the  direction  becomes  slightly  irregular  and  alternate ;  but  there  is 
no  doubling  there,  nor  is  there  a  true  phyllode.  The  interambulacra  are  swollen 
and  somewhat  boldly  convex  close  to  the  apex ;  and  they  are  more  rounded  and  tumid 
midway  to  the  ambitus. 

The  peristome  is  central,  large,  deep,  transversely  elongate ;  and  the  projecting, 
rounded,  and  bluntly  pointed  bourrelets  have  grooves  between  them  for  the  gutter- 
shaped  ends  of  the  ambulacra. 

The  ornamentation  is  slightly  largest  actinally,  and  it  decreases  towards  the  am- 
bitus. It  is  subequal  and  small  on  the  apical  part  of  the  test,  and  everywhere  consists 
of  a  raised  Interscrobicular  granular  part  and  sunken  scrobicules  with  small  tubercles 
consisting  of  a  boss  and  small  matnelon,  which  are  not  higher  than  the  ordinary 
level  of  the  test.  Traces  of  crenulation  are  seen  here  and  there ;  and  the  minute 
mamelon  is  perforate. 

The  periproct  is  inframarginal  and  elongate  longitudinally,  and  it  transgresses 
slightly  on  the  margin,  which  is  less  tumid  posteriorly. 

Height  of  the  test  at  the  apex  2^,,  inches,  breadth  4  inches,  length  4jetf  inches. 

Locality.  North-east  of  Fetiani,  west  of  Kotri.    Kanikot  series.  Survey-number 

Illustrations  of  the  Species  in  Plate  XII. 
Fig.  1.  The  actinal  surface  of  the  test :  natural  size. 

2.  An  end  of  an  ambulacrum  :  slightly  magnified. 

3.  The  ornamentation :  magnified. 

4.  Part  of  an  ambulacrum,  high  up :  magnified. 

2.  Coxocltpeus  ?,  sp.    Plate  XII,  Figs.  5,  6. 

There  is  a  specimen  from  the  hills  cast  of  Lynyan,  from  the  brown  Ranikot 
limestone,  which  is  go  much  worn  that  its  specific  diagnosis  is  not  possible,  and  the 
generic  is  also  doubtful. 

The  marginal  outline  is  oval  and  broadest  posteriorly  ;  and  the  periproct  is  oval, 
pointed  in  front,  longitudinal,  and  transgresses  on  the  margin.  The  ambitus  is  tumid, 
and  the  abactinal  surface  is  conical,  the  height  being  less  than  the  breadth.  The 
ambulacra  come  rather  close  to  the  margin,  are  widely  open ;  and  the  poriferous  zones 
are  not  very  broad,  and  end  in  a  point.  The  apex  appears  to  have  been  central  and 
the  ornamentation  small. 

Probably  it  is  a  species  of  Conoclypcus  ;  but  the  actinal  surface  is  not  visible. 

Height  of  specimen  2  f  inches,  breadth  S^- inches,  length  41a0-  inches. 

Survey-number  G  |ff. 
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Illustrations  of  the  Specimen  in  Plate  XII. 

Fig.  5.  Side  view :  natural  size. 
6.  The  periproct :  natural  size. 

3.  Coxoclypecs  DECLivis,  sp.  nov.    Plate  XII,  Fig.  7. 

Another  specimen,  probably  of  a  species  of  Conoclypeus,  is  much  broken  and  covered 
with  brown  limestone.  It  is  oval,  but  is  broadest  in  front  and  narrower,  decidedly,  behind; 
the  margin  is  sharp,  and  the  test  slopes  up  to  the  apex,  which  is  slightly  excentric  and  in 
front  not  with  a  convex  tumidity,  but  with  here  and  there  concave  surfaces,  becoming 
convex  close  to  the  apex.  The  ambulacra  are  unequal,  the  posterior  being  the  longest, 
and  they  come  down  rather  close  to  the  margin ;  they  are  widely  open,  and  the  interpori- 
fcrous  zone  is  broader  than  a  poriferous,  nearly  throughout.  The  poriferous  zones  are  not 
very  wide,  end  in  a  point,  and  the  ridges  between  the  conjugate  pores  are  multigranular. 
The  ornamentation  of  the  interporiferous  zone  is  of  numerous  sunken  scrobicules,  with 
intermediate  granulation,  and  the  bosses  ore  small  and  with  small  mamelons.  The  inter- 
ambulacra  differ  in  size  on  account  of  the  comparative  closeness  of  the  anterior  and  the 
anterolateral  ambulacra,  and  their  shape  gives  a  pinch ed-up  appearance  to  the  apical 
part  of  the  test.  The  actinal  part  is  invisible.  The  ornamentation  is  larger  and 
scantier  than  in  the  forms  already  noticed. 

Locality.  East  of  Lynyan,  Kanikot  group.    Survey-number  G  |f?. 

Illustration  of  the  Species  in  Plate  XII. 
Fig.  7.  The  test:  natural  size. 

Suborder  ATELOSTOMATA. 
Family  CASSIDULIDM 

Subfamily  ECMXOLAMPrX& 

Genus  rilYLLOCLYPEUS. 

Phylloclypeus.  dt  foriol,  183],  AfoiuyrnjMe  dt*  Eehinidts  (viUenxa  flans  let  «mha  XammulUiqutt  dt 
tK.m,tt,  p.  7S>. 

In  true  species  of  Conoclypeus  the  bourrelets  around  a  more  or  less  circular 
peristome  are  very  large  and  equal,  and  the  pbyllodes  have  neither  intercalated  plates 
nor  doubling  of  the  ambulacral  pores.  In  Phylloclypeus  the  bourreleU  are  not  very 
large,  are  unequal,  and  surround  a  more  or  less  pentagonal  peristome.  The  phyllodes 
have  intercalated  plates  and  double  pores,  so  that  the  floscelle  is  well  developed.  Some 
species  of  Echiiio/ampas  only  differ  from  Phylloclypeus  by  having  unequal  poriferous 
zones;  and  it  is  advisable  either  to  place  Phylloclypeus  as  a  subgenus  of  Echinolampas, 
or  as  a  genus  of  EchinolampiuBe  as  a  subfamily.  Certainly  Phylloclypeus  has  no 
jaws. 
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1.  ?  Piiylloclypeus,  sp.    Plate  XII,  Fig.  8. 

A  very  fragmentary  specimen  of  a  large  Echinoid  is  from  the  gypseous  shales  from 
the  hills  east  of  Lynyan  in  the  Kanikot  series. 

The  marginal  outline  is  oval  and  broadest  in  front,  the  mirgins  are  slightly  tumid, 
and  the  upper  part  is  rather  low  and  conical,  the  sides  being  convex.  The  apex  is  nearly 
central.  The  remnants  of  the  ambulacra  show  that  they  were  widely  open,  the  pori- 
ferous zones  being  moderately  broad,  ending  in  a  point  close  to  the  margin.  The  ridges, 
between  the  conjugate  pores,  are  coarsely  granular  (one  row),  and  the  poriferous  zone 
is  narrower  than  the  interporiferous  area. 

The  most  interesting  part  of  the  test  is  around  the  peristome,  where  a  phyllode  is 
preserved.  The  pores  are  evidently  doubled  in  several  instances,  and  the  bourrelcts  do 
not  appear  to  have  been  large. 

There  is  then  some  doubt  about  this  specimen  belonging  to  the  Conoclypeidaj,  and 
we  arc  disposed  to  place  it  with  de  Loriol's  genus  Phytloclypeua. 

Height  of  specimen  2  inches;  breadth  3     inches;  length  4  A  inches. 

Survey-number  G  ff§». 

Illustration  of  the  Species  in  Plate  XII. 
Fig.  8.  The  phyllode :  magnified. 

Genua  PLE.SIOLAMPAS. 

ricsiolatnpas,  D«,<ca><  f  Shtimt,  Fun.  fitia.  of  Siwl,  PA  tudka,  »erie«  xiv.  p.  0  (18^2). 

1.  Plksiolaupas  placenta,  sp.  nov.    Plate  XIII,  Figs.  4-9,  and  Plate  XIV,  Fig.  L 

The  test  is  considerably  depressed,  slightly  longer  than  broad,  with  a  squarely  oval 
marginal  outline.  Abactinally  the  slope  from  the,  slightly  eccentric  iu  front,  apical 
system  is  not  quite  so  decided  anteriorly  as  posteriorly ;  the  margins  are  tumid,  and  in 
front  mure  so  than  behind,  where  there  is  no  rostration.  Actinally  the  peristome  is 
deeply  seated  in  a  concavity  and  is  slightly  in  front  of  the  centre,  and  the  test  is 
swollen  around  it  to  the  margins,  but  less  so  posteriorly.  The  periproct  is  entirely 
inframarginal,  reaches  close  to  the  edge,  and  is  elongate  oval. 

'Die  apical  system  is  small  and  compact,  the  madreporic  body  is  central  and 
minutely  granular  on  the  surface.  TIutc  are  four  generative  pores,  and  the  front 
pair  are  closer  together  than  the  hind  ones.  The  ocular  plates  and  pores  are 
small. 

The  ambulacra  ore  subequal,  the  posterior  being  the  longest,  rather  wide,  slightly 
|K-taloid,  widely  open,  and  extend  to  a  short  distance  from  the  margin.  The  interporiferous 
zones  are  broad,  slightly  raised,  and  are  widest  about  midway,  and  the  poriferous  zones 
of  each  ambulacrum  arc  equal ;  the  pairs  of  pores  are  numerous,  oblique,  conjugate,  the 
outer  pore  being  elongate  and  the  inner  subcircular,  and  the  costal  ridges  have  a 
row  of  minute  granules  on  them. 
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Beyond  the  petaloid  portion  the  ambulacra  expand  over  the  margin  and  contract 
close  to  the  peristome.  A  single  series  of  pores  is  continued  as  the  prolongation  of  a 
poriferous  zone,  and  the  pores  are  close  and  numerous  at  the  margin  and  as  far  as  the 
peristome,  the  plates  being  broad  but  low.  At  the  peristome  the  ambulacra  narrow 
inwards,  and  have  no  doubling  of  the  pores,  but  a  slight  departure  from  the  serial  lines, 
and  within  the  peristome  there  are  two  pores  close  together.  The  ornamentation  of  the 
intcrporiferous  zones  is  of  sparsely  distributed  sunken  scrobicules  with  a  small  boss,  the 
intermediate  parts  being  minutely  granular.  This  ornamentation  is  closer  at  the  margin 
and  larger  actinally,  and  it  becomes  scantier  at  the  low  gutter-shaped  area  of  the 
ambulacra  between  the  rudimentary  bulging  bourrelcta  There  is  no  true  phyllode. 
In  one  specimen  there  is  an  appearance  of  a  double  row  of  pores,  but  the  inner  rows  of 
pores  do  not  penetrate,  are  more  or  less  aborted,  and  each  is  overarched  by  a  prominence 
developed  on  the  next  aboral  plate ;  they  appear  to  be  depressions  for  sphajridia 
(Plate  XIV.  fig.  1). 

The  interradial  areas  are  narrow  at  the  apex ;  and  the  ornamentation  of  the  abactinal 
part  is  of  the  same  character  as  that  of  the  intcrporiferous  zones,  but  is  scantier  ;  and 
the  granulation  is  more  distinct,  and  it  is  closest  and  smallest  at  the  margin,  and  largest 
and  scantiest  actinally. 

The  peristomial  continuations  of  the  interambulacra  are  slightly  tumid,  pass 
upwards  between  the  ambulacra  there,  and  are  covered  with  a  minute  crowded  orna- 
mentation of  small  bosses ;  they  constitute  rudimentary  bourrelets.  The  peristome  is 
transversely  elongated,  open,  pentagonal,  and  the  bounding  lines  are  convex  and  tumid 
inwards.  Posteriorly,  from  the  peristome  to  the  periproct,  is  a  median  line  of  crowded 
minute  granules,  a  few  sunken  scrobicules  and  bosses  being  along  it  here  and  there. 
The  periproct  is  long,  hut  distant  from  the  peristome  by  more  than  its  own  length, 
is  close  to  the  margin,  is  broadest  posteriorly,  and  is  surrounded  by  a  crowded 
ornamentation. 

There  is  some  variation  in  the  shape  of  the  specimens  of  this  species,  and  it  mainly 
relates  to  the  position  of  the  greatest  breadth. 


Height  of  i 

ft  inch.  2^  inch.  2^  inch. 

a  „  i&  »  Vo  »  m-  *)• 

ft   »  1ft   >.  1ft  »    (Fig-  5)- 

ft       !»  1ft      !»  1ft  »» 

Localities.  Ranikot  series,  Jhirak,  north-east  of  Petiani,  west  of  Kotri.  Survey- 
numbers  GfHb  G  Hi,  G  H|. 

Illustrations  of  the  Species  in  Plates  XIII  &  XIV. 

Plate  XIII. 
Fig.  4.  The  test,  from  below. 

i  2 
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Fig.  5.  Another  specimen  ;  the  test,  from  above. 

6.  Port  of  an  ambulacrum :  magnified. 

7.  The  peristome :  magnified. 

8.  The  peristome :  more  highly  magnified. 

9.  The  longitudinal  outline  of  the  test. 


Plate  XIV. 


Fig.  L  The  rudimentary  phyllode  :  magnified. 


2.  Plesiolampas  pileloxga,  sp.  nov.    Plate  XIV,  Figs.  2,  3. 

The  test  is  elongate,  the  length  in  proportion  to  the  breadth  as  7  :  5,  subdepresscd 
and  convex  above,  very  tumid  at  the  sides  and  in  front,  subrostratc  posteriorly.  Mar- 
ginal contour  elliptical,  widest  posteriorly  opposite  the  extremities  of  the  posterior 
petals,  and  then  contracting  somewhat  rapidly  to  the  posterior  point;  anterior  to  the 
widest  part  the  outline  is  almost  paraboloid.  Actinal  surface  very  tumid,  with  the 
peristome  deeply  impressed  and  the  tumidity  of  the  test  slightly  less  in  the  posterior 
median  line  than  elsewhere.  The  longitudinal  profile  shows  the  abactinal  surface  of 
the  test  to  be  very  level,  passing  down  with  rather  a  rapid  but  well-rounded  curve 
along  the  posterior  rostration.  The  transverse  profile  present!  rather  a  flatly  convex 
outline,  tumid  at  the  sides,  and  bending  round  onto  the  actinal  surface  with  an  unin- 
terrupted curve. 

The  apical  system  is  small  and  excentric  in  front,  its  distance  from  the  anterior 
extremity  being  little  more  than  one  third  of  the  length  of  the  test.  There  are  four 
generative  pores,  the  posterior  pair  larger  and  slightly  wider  apart  than  the  anterior 
pair,  and  with  two  rather  conspicuous  small  tubercles,  similar  to  those  which  ornament 
the  test,  standing  in  a  line  drawn  between  the  posterior  pores.  The  madreporic  body 
occupies  the  central  space,  and  is  prominently  convex. 

Ambulacra  small,  distinctly  petaloid,  converging  towards  their  outward  extremities ; 
the  antero-lateral  petals  terminating  at  a  distance  from  the  margin  equal  to  one  third 
of  the  length  of  the  petal,  whilst  the  posterior  pair  terminate  at  fully  their  own  length 
distance  from  the  margin.  The  petals  of  the  paired  ambulacra  are  of  equal  width,  but 
the  posterior  pair  are  slightly  longer  than  the  anterior.  The  posterior  poriferous  zone 
of  the  antero-lateral  ambulacra  is  somewhat  longer  by  2  or  S  pairs  of  pores,  and  more 
curved  than  the  anterior  zone ;  in  the  posterior  petals,  the  curvature  of  the  zones  is 
equal,  and  their  length  does  not  differ  by  more  than  one  pair  of  pores.  The  odd  ambu- 
lacrum is  covered  by  matrix.  The  anterior  pair  form  a  wide  angle  with  one  another, 
and  the  posterior  pair  a  much  smaller  one. 

The  poriferous  zones  are  narrow  and  slightly  broadest  at  the  middle  of  the  zone, 
their  width  here,  however,  being  less  than  one  half  the  breadth  of  the  interporiferous 
area.  The  inner  pores  are  round,  and  the  outer  slightly  elongate  transversely ;  and 
they  are  united  by  a  faint  conjunctive  furrow,  the  costal  ridges  that  separate  the  pairs 
of  pores  being  ornamented  with  a  single  line  of  minute  uniform  granules,  five  or  six  in 
number  at  the  broadest  part  of  the  zone.    In  the  antero-lateral  ambulacra  there  are  20 
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or  30  pairs  of  pores  in  the  anterior  zoue,  and  32  in  the  posterior  ;  and  there  are  38  or 
39  pairs  of  pores  in  the  zones  of  the  postero-lateral  ambulacra.  The  extrapetalous 
continuation  of  the  zones  consists  of  single  pores,  rather  widely  spaced,  in  consequence  of 
the  height  of  the  cxtrapetalous  ambulacral  plates.  Close  to  the  peristome  the  pores  are 
nearer  together,  and  there  is  some  irregularity  in  their  serial  arrangement,  and  two  <>r 
three  supplementary  pores  are  present,  thus  forming  a  very  indistinct  and  rudimentary 
phyllode.  The  interporiferous  areas  are  flush  with  the  surface  of  the  test,  but  appear 
very  faintly  convex  in  consequence  of  the  slight  depression  of  the  poriferous  zones. 
The  postero-lateral  interradial  areas  are  slightly  prominent  close  to  the  apical 
disk. 

The  ornamentation  of  the  interradial  areas  and  that  of  the  poriferous  zones  are  simi- 
lar, and  consist  of  very  small  tubercles  equidistantly  spaced,  and  sunken  in  deep  scrobi- 
cules,  the  intermediate  space  being  granular  and  with  a  tendency  to  become  confluent 
immediately  round  the  scrobicule,  the  intermediate  granules  remaining  more  distinct. 
On  the  abactinal  portion  of  the  test  the  intermediate  granular  spaces  are  usually  greater 
than  the  breadth  of  the  scrobiculcs.  In  the  interporiferous  areas  the  tubercles  are 
slightly  smaller  and  more  crowded,  and  also  just  below  the  ambitus.  On  the  actiunl 
surface  the  tubercles  are  larger  than  elsewhere,  the  scrobicules  wider,  and  the  inter- 
mediate space  is  reduced  to  seldom  more  than  a  single  granular  ring,  and  which  becomes 
more  or  less  confluent.  There  is  an  indistinctly  defined,  subconfluently  granular, 
median  baud,  devoid  of  tubercles,  extending  between  the  peristome  and  the  periproct. 

The  peristome  is  large,  slightly  excentric  in  front,  and  more  central  than  the  apical 
system,  transversely  elliptical,  the  breadth  being  |  inch,  and  the  shorter  diameter  J 
inch,  with  the  lateral  apses  acutely  angular.  The  peristomial  wall  is  closely  granular, 
and  there  is  no  development  of  bourrelcts.  The  terminal  portions  of  the  ambulacral 
areas  which  form  the  incipient  phyllodes  are  very  faintly  sunken. 

The  periproct  is  large,  elliptical,  placed  longitudinally  and  inframarginal,  sloping 
up  slightly  from  the  actinal  surface,  and  overarched  by  the  posterior  rostration  of  the 
odd  interradium.    The  length  is  -/o  inch,  and  the  breadth  inch. 

Dimensions.  Length  of  the  specimen  1^  inch,  breadth  1  inch,  height  Ji  inch. 

Distance  of  apical  system  from  posterior  edge  t*-  inch. 

Locality.  East  of  Kandaira  in  the  Vero  plain,  Ranikot  series.  Survey-number 

em- 

Remarks.  This  is  more  nearly  related  to  Plesiulampas  etoiigata,  Duncan  and 
Sladen*,  than  to  any  other  member  of  the  genus.  It  is  distinguished  from  that  orm 
by  the  more  elongate  and  anteriorly  more  contracted  test,  by  its  more  level  abactinal 
surface  and  less  gibbous  posterior  rostration,  by  its  much  wider,  more  petaloid,  more 
highly  developed,  and  differently  proportioned  ambulacra,  by  its  more  actinally  placed 
periproct,  and  finally  by  its  more  widely  spaced  tuberculatum.  Thgouh  thus  well 
marked  specifically,  there  is  no  doubt  of  this  form  being  the  representative  of  the  Infra- 
Trap  species  in  the  Ranikot  strata. 

♦  Tart  i.  page  10. 
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Illustrations  of  the  Species  in  Plate  XIII. 


Fig.  2.  Actinal  aspect  of  the  test :  natural  size. 

3.  Apical  disk  and  part  of  the  surrounding  portion  of  the  abactinal  surface : 
magnified. 

Also  a  portion  of  the  poriferous  zone :  more  highly  magnified. 

Numerous  specimens  of  a  Plesiolumpas  from  ^  inch  to  nearly  1$  inch  in  length 
were  found  at  a  spot  north  by  east  of  Petiiini,  west  of  Kotri ;  on  hills  cast  of  Lynyan, 
from  the  brown  limestone  and  gypseous  shales,  in  the  Banikot  series. 

Every  stage  of  growth  from  a  minute  globular  and  slightly  elongate  form  to  a 
depressed  ovoid  (the  adult  shape)  is  represented  in  the  series  of  specimens ;  and  in  all 
there  is  a  large,  open,  transverse,  elliptical  peristome,  a  large  ovoid  periproct  placed 
longitudinally,  marginally,  or  submarginally,  and  short,  open  ambulacra  placed  eccen- 
trically in  front  of  the  centre.  The  floscelle  is  feebly  developed.  The  adult  form  may 
be  taken  as  the  type. 

S.  Plesiolampas  ov.vi.is,  sp.  nov.    Plate  XIV,  Figs.  4-18. 

The  test  is  moderately  thick  in  substance  ;  and  its  marginal  outline  is  ovoid,  with 
a  slight  enlargement  behind  the  centre  on  either  side,  and  a  slight  blunt  point  where  it 
is  narrowest  behind. 

Above,  the  shape  is  slightly  convex,  and  rather  flat  at  the  vertex  and  median  line  ; 
the  margins  are  well  rounded,  especially  anteriorly.  The  highest  point  is  rather  behind 
the  centre  of  the  upper  part,  but  the  slope  is  very  gradual  from  it.  Beneath,  the 
surface  is  slightly  concave,  especially  near  the  peristome. 

The  apical  system  is  eccentric  and  in  front  of  the  centre ;  the  generative  pores  are 
four  in  number,  and  surround  a  well-developed,  convex,  madreporic  body.  The  ambu- 
lacra are  subpetaloid,  are  open  at  the  end,  and  show  but  a  slight  disposition  to  close; 
and  the  perfect  poriferous  zones  end  far  from  the  margin.  The  anterior  ambulacrum 
is  the  shortest  and  usually  the  narrowest ;  it  is  widely  open  anteriorly,  has  a  narrow 
interporiferous  zone,  and  equally  developed  poriferous  zones.  The  pores,  as  in  the 
zones  of  all  the  ambulacra,  are  conjugate ;  the  outer  scries  are  the  largest,  and  are 
round  in  worn  specimens,  rather  elongate  when  well  preserved.  The  inner  are 
smaller  and  rounder.  This  ambulacrum,  like  the  others,  is  very  slightly  raised 
above  the  level  of  the  test,  and  its  zones  arc  of  equal  length,  or  one  may  have  one  pair 
of  pores  more  than  the  other. 

The  ocular  pore,  as  is  the  case  in  the  other  ambulacra,  is  small,  and  the  first  three 
or  four  pairs  of  pores  are  exceedingly  small  and  close,  so  that  a  small  space  exists  around 
the  apical  disk,  w  here,  in  all  the  ambulacra,  there  appears  a  defective  poriferous  develop- 
ment. The  pores  become  fully  developed  in  all  the  ambulacra  in  about  one  quarter 
the  length  of  the  zones. 

The  antero-lateral  ambulacra  form  the  sides  of  a  very  open  angle ;  they  are  more 
pctaloid  than  the  others,  and  their  interporiferous  zones  are  the  largest.  They  are 
shorter  than  the  posterior  ambulaca,  which  are  open  and  form  an  acute  angle,  and 
terminate  far  from  the  end  of  the  test. 
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A  line  of  single  pores  passes  from  the  inner  set  of  each  poriferous  zone  over  the 
margin,  including  a  space  which  extends  close  beyond  the  end  of  the  petals  and  contracts 
towards  the  peristome,  where  there  is  a  slight  naring  and  apparent  doubling  of  a  few 
pores.    The  poriferous  zones  are  rarely  unequal,  and  then  only  in  a  slight  degree. 

The  peristome  is  less  excentric  than  the  apical  system,  is  large,  open,  transversa, 
elliptical,  with  the  front  rather  sharply  curved,  and  broadest  from  side  to  side.  The 
interambulacral  portions  of  the  mouth  are  nearly  vertical  and  are  profusely  granular,  and 
there  is  a  faint  broad  bourrelet-ridge.  The  phyllodcsare  small,  but  there  is  a  doubling 
of  pores,  and  two  pores  are  seen  within  the  peristome. 

A  band  of  miliariea  with  traces  of  zigzag  lines,  more  or  less  worn,  exist  between 
the  peristome  and  the  periproct,  which  in  large  specimens  is  inframarginal  or  slightly 
obliquely  placed  in  the  margin  itself.  It  is  large,  ovoid,  widely  open,  and  the  length  is 
longitudinal.  It  is  close  to  or  at  the  margin,  and  has  a  point  or  rudimentary  rostrum 
overhanging  it  above. 

The  ornamentation  of  the  upper  part  of  the  test  is  of  small  tubercles  with  distinct 
scrobicules ;  and  the  raised  surface  between  them  is  minutely  granular,  with  microscopic 
miliaries.  The  same  ornamentation  is  on  the  interporiferous  zones.  The  inter, 
ambulacra  are  slightly  raised  between  the  petals  and  close  to  the  apical  system.  The 
tubercles  are  larger  actinally  and  less  crowded  there. 

Length  of  largest  specimens  rather  more  than  ly\j  inch,  breadth  1A  inch, 
height  inch. 

Locality.  North  by  east  of  Petiaui,  west  of  Kotri.    Survey-number  G  '{;!,'„. 
Jhirak,  and  hills  east  of  Lynyan.    Survey-number  G  \ 
Other  specimens: — 

Length  inch,  breadth  1  inch,  height  A  inch.  In  specimens  of  this  length 
the  posterior  projection  is  very  evident,  and  the  periproct  is  oblique  on  the  margin, 
ovoid,  large,  open,  and  longitudinal  in  its  great  axial  direction. 

Smaller  specimens  1  ^  inch  in  length,  are  A  inch  broad,  and  rather  over  inch 
in  height. 

Locality.  East  of  Kandaira,  on  the  Vero  plain.    Survey-number  (i  \\%. 

Another,  1  inch  long,  is  Va  inch  broad  and  nearly  v%  iuch  high. 

Locality.  Hills  east  of  Lynyan.    Survey-number  G  \%%. 

Its  periproct  is  inframarginal  and  very  slightly  trausgressive. 

A  smaller,  ^  inch  long,  is  -fa  inch  broad  and  -fa  inch  high.  A  second,  inch 
long  and  inch  broad,  is  fV  inch  high,  and  the  mouth  is  more  central,  and  the  huge 
longitudinal  periproct  is  oblique  on  the  margin  and  rostrated. 

One,      inch  long,  rather  over  ^  inch  broad,  is  just  under  f^j  inch  in  height. 

Other  measurements  are:  — 

Length  t^j,  breadth  -fa,  height  y^y  inch. 


A. 

»»     To  »» 

A. 

»»  to» 

)>      -£u  n 

A 

«  8*01 

»      Vff  »» 
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Remarks.  The  worn  specimens  of  the  larger  types  give  a  fallacious  idea  of  the 
poriferous  zones ;  for  when  well  preserved  they  are  traversed  by  a  succession  of  bare 
between  the  pairs  of  pores,  and  they  are  covered  with  a  row  of  miliaries.  The  linear 
nature  of  the  pores  is  then  shown  and  their  conjugate  nature. 

The  petals  never  reach  the  margin ;  and  their  inequality  is  very  slight,  and  never 
nmounts  to  that  of  the  typical  Echinolampidte  described  by  MM.  d'Archiac  and 
Hume.  The  miliary  median  space  inferiorly  and  the  shape  and  position  of  the  pcri- 
proct  are  worthy  of  notice. 

Premature  Forms.  The  examination  of  the  young  forms  gives  some  very  interesting 
results. 

The  shape  of  the  young  forms  is  higher,  more  tumid,  convex  at  the  top,  elongate  ; 
and  the  periproct  is  large  aud  obliquely  placed  on  the  posterior  margin,  and  invading 
the  under  surface  also.  It  is  longitudinal  and  oval.  The  peristome  is  large  and  sub- 
central. 

The  poriferous  zones  in  the  very  small  forms  are  not  developed  near  the  ocular 
pores,  but  they  are  further  out.  They  are  sensibly  unequal,  short,  and  the  whole  rosette 
is  anterior  and  small.  The  deficiency  of  pores  in  the  anterior  ambulacrum  is  remarkable 
in  some  specimens. 

The  next  group,  in  point  of  size,  show  increasing  elongation  of  the  test,  and  the 
unequal  condition  of  the  poriferous  zone  is  palpable.  All  this  is  seen  in  specimens  $ 
inch  in  length,  and  in  others  in  a  less  degree  up  to  J  inch.  The  test  is  then  natter, 
but  the  large  periproct  and  peristome  are  rather  close  together,  the  former  transgressing 
on  the  lower  surface.  The  uuequal  pore-zones  are  not  so  definite.  In  some  there  is  a 
slight  difference  in  the  size  of  the  poriferous  zones  in  the  same  petal. 


Fig.  4.  The  actinal  aspect:  natural  size. 

5.  Fortion  of  the  median  granular  band  and  periproct :  magnified. 

6.  Outline  of  the  longitudinal  profile  of  the  test. 

7.  Abactinal  new  of  another  specimen. 

8.  Apical  disk  and  portion  of  abactinal  surface  of  another  specimen :  magnified. 
0.  Abactinal  aspect  of  a  young  specimen  :  natural  size. 

10.  Actinal  aspect  of  the  same:  natural  size. 

11.  Abactinal  aspect  of  a  young  specimen  :  natural  size. 

12.  Apical  disk  of  the  same  specimen:  magnified. 

13.  Longitudinal  outline  of  the  same  specimen  :  natural  size. 

14.  Actinal  aspect  of  very  young  specimen :  natural  size. 

15.  Longitudinal  aspect  of  the  same. 

16.  Abactinal  view  of  the  same  test:  natural  size. 

17.  Peristome  of  a  specimen  one  inch  in  length  :  magnified. 

18.  Apical  disk  and  surrounding  structure  of  the  same  specimen  (Fig.  14)  : 


Illustrations  of  the  Species  in  Plate  XIV. 


magnified. 
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4.  Pusiolampas  rostrata,  sp.  nov.    Plate  XIII,  Figs.  1-3. 

The  test  is  moderately  depressed,  slightly  longer  than  broad,  broadly  elliptical  in 
marginal  outline,  broadest  close  behind  the  eccentric-in-front  apical  system,  rather 
narrower  in  front  than  posteriorly,  and  having  a  slightly  rounded-off  posterior  projection, 
with  a  faint  depression  on  either  side  of  it,  just  posterior  to  the  postero-lateral  ambu- 
lacra. The  highest  point  of  the  test  is  at  the  apical  system  ;  and  the  surface  slopes 
thence  to  the  margin,  which  is  slightly  tumid,  and  least  so  where  the  test  is  pinched  in 
posteriorly.  Actinally  the  surface  of  the  test  is  faintly  convex  ;  but  the  peristome  is 
deeply  seated.  The  pcriproct  is  long,  oval,  and  inframarginal,  and  it  does  not  touch  the 
margin.  The  apical  system  has  a  large  madreporic  body.  The  ambulacra  are  long, 
widely  open  ;  and  there  is  only  the  slightest  tendency  to  a  petaloid  form  in  the  postero- 
lateral; the  anterior  is  the  shortest,  and  the  postero-lateral  are  the  longest.  The 
interporiferous  zones  are  broad,  and  the  ornamentation  is  irregular,  there  being  spaces 
where  the  granulation  predominates  over  the  tubercles  and  scrobicules. 

Height  of  specimen  rather  more  than  ^  inch,  length  8  inches,  breadth  2-r*, 
inches. 

Locality.  Ranikot  series,  north  by  east  of  Petiani,  west  of  Kotri.  Survey- 
number  G  Hf 

Illustrations  oftlte  Species  in  Plate  XIII. 

Fig.  1 .  The  test,  from  above. 

2.  The  test,  side  view. 

3.  The  pcriproct. 

5.  Plesiolampas  polygonalis,  sp.  nov.    Plate  XIII,  Figs.  10,  11. 

The  test  is  polygonal  in  outline,  moderately  tumid  at  the  ambitus,  tumid  abactinally, 
highest  behind,  very  concave  actinally.  The  greatest  breadth  is  at  the  blunt  angular 
projection  over  the  antero-lateral  ambulacra ;  and  the  test  is  narrowed  rapidly  behind 
those  regions,  and  less  so  in  front ;  it  is  rather  truncated  behind,  and  has  a  wide  angle 
in  front.  The  apical  system  is  slightly  eccentric  in  front,  and  is  over  the  deeply  seated 
widely  transverse  peristome.  The  periproct  is  inframarginal,  elongated  longitudinally, 
and  narrow.    The  ambulacra  are  narrow,  long,  open,  and  very  faintly  petaloid. 

Length  lT7ff  inch,  breadth  1^  inch,  height  Vo  inch. 

Locality.  North-east  of  Petiani,  west  of  Kotri,  Ranikot  series.  Survey-number 

am- 

Illustrations  of  t fie  Species  in  Plate  XIII. 
Fig.  10.  The  test,  from  above. 

11.  The  test,  longitudinal  outline. 

Genus  EOLAMPAS,  gen.  nov. 
Test  small,  tumid,  ovoid,  subdeprcssed ;  the  greatest  height  corresponding  with 
the  apical  disk,  and  very  eccentric  in  front;  the  anterior  slope  rapid  and  precipitous, 
the  posterior  subrostratc  towards  the  extremity. 
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Ambulacra  small,  short,  pctaloid,  subequal ;  the  odd  anterior  ambulacrum  aborted. 
Poriferous  zones  subequal,  pores  conjugate. 

Apical  disk  eccentric  in  front,  small ;  generative  pores  four,  and  madrcporiform 
body  central. 

Peristome  transversely  oval,  subcentral  or  very  slightly  eccentric  in  front,  with 
perpendicular  wall  reaching  upward  into  the  body-cavity.  No  bourrelets.  Phyllodes 
very  faintly  developed.  Buccal  pores  opening  into  the  peristomial  margin,  with  a  small 
granule-like  prominence  over  each  standing  at  the  extreme  edge  of  the  peristomial 
ring. 

Periproct  marginal,  transverse  (?). 

Tuberculatum  small,  homogeneous,  in  sunken  scrobicules ;  intermediate  space 
subgranular  and  confluent. 

This  genus  is  closely  related  to  Echinolampas ;  indeed  the  test  might  at  first 
sight  be  regarded  as  that  of  a  young  or  abnornv.il  form  ;  but  the  small  and  subequal 
ambulacral  petals,  the  aborted  odd  ambulacrum,  the  very  anterior  apical  disk,  together 
with  the  form  of  the  test  and  the  character  of  the  peristome  appear  to  demand  a 
generic  separation.  Furthermore,  no  true  Ec/iinolamptu  has  hitherto  been  found  in 
the  Kauikot  series,  whilst  the  form  under  notice  is  recorded  from  three  localities. 

Eolampfis  also  occurs  in  the  Khirthar  series  ;  and  although  these  beds  arc  very  rich 
in  Echinohimpas,  we  are  unable  to  refer  the  form  (apart  from  its  special  characteristics) 
to  the  young  of  any  Bpecies  there  present. 

1,  Eolamtas  ANTECLitsoR,  &p.  nov.    l'late  XVII,  Figs.  11-15. 

The  test  is  tumid,  highest  in  front,  with  a  precipitous  anterior  portion  and  a  more 
gradually  sloping  and  curved  posterior  part,  the  top  of  the  test  being  on  a  very  gradual 
backward  slope.  It  is  longer  than  it  is  broad,  and  broader  than  high.  The  transverse 
outline  is  nearly  hemispherical ;  and  the  marginal  outline  is  oval  or  elliptical,  the  greatest 
breadth  being  about  central.  The  margins  are  tumid,  the  actiual  surface  is  slightly 
hollowed  out  or  concave,  there  is  barely  a  keel  posteriorly,  and  the  anterior  and  lateral 
parts  of  the  test  overhang  the  base.  The  apical  system  is  very  eccentric  in  front,  and 
the  peristome  is  subcentral ;  the  periproct  is  just  above  the  margin  and  is  small.  The 
apical  system  is  small ;  there  arc  four  small  generative  plates  and  pores ;  and  the 
madroporic  hotly  is  small  and  central.  The  ambulacral  rosette  is  small  in  relation  to 
the  size  of  the  test ;  and  the  ambulacral  petals  end  remotely  from  the  margin,  aud 
the  posterior  pair  more  than  their  own  length  from  the  posterior  end  of  the  test. 

The  anterior  ambulacrum  has  no  double  pores,  but  there  is  a  series  of  broad 
grooves  amongst  the  ornamentation  of  the  test  in  their  position;  the  grooves  are 
more  numerous  than  the  pairs  of  pores  of  the  other  ambulacra,  and  no  trace  of  a 
pore  is  to  be  seen  in  them.  A  worn  test  shows  neither  grooves  nor  pores  in  the  region 
of  the  odd  ambulacrum. 

The  antero-lateral  ambulacra  form  a  widely  open  angle,  being  nearly  transverse  in 
their  position ;  they  are  pctaloid,  not  closed,  and  they  are  slightly  broader  than  the 
others.    The  anterior  poriferous  zone  isstraighter  than  the  posterior  ;  and  the  pairs  are 
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not  very  numerous,  are  oblique,  conjugate,  with  well-marked  intermediate  ridges;  and 
their  pores  are  large,  circular  or  slightly  elongate  in  outline,  and  subequal  in  the 
pairs.  The  interporiferous  zone  is  widest  towards  the  half-distance  from  the  apex. 
The  postcro-lateral  ambulacra  are  narrower  than  those  just  described,  and  either  slightly 
longer  than  or  equal  to  them ;  and  the  width  of  the  poriferous  zones  is  less.  They 
form  an  acute  angle  at  the  apex,  and  arc  nearly  closed  distally.  The  pores  are  oblique. 
A  single  row  of  wide-apart  pores  passes  over  the  margins  from  each  poriferous  zone ;  and 
at  the  peristomo  the  rows  approach  to  form  a  rudimentary  phyllodc  whose  pores  are  at 
the  sutures  of  the  plates  ;  and  there  is  no  doubling  of  them.  The  ornamentation  of  the 
pctaloid  areas  is  the  same  as  that  of  the  surrounding  test,  and  consists  of  numerous 
small  sunken  scrobicules,  with  short  and  broud  tubercles  in  them. 

The  interradial  areas  arc  largely  developed  abactinally.  The  anterior  are  marked 
by  a  larger  ornamentation  than  elsewhere  ;  and  the  posterior  is  rounded  between  the 
ambulacra  and  narrow,  but  it  docs  not  form  a  decided  keel ;  it  is  slightly  pinched  in 
near  the  margin,  on  either  side  of  the  line  leading  down  to  the  periproct. 

The  peristome  is  at  the  deepest  point  of  the  actinal  concavity,  large,  widely  open, 
deep,  transverse,  and  elliptical  in  outline,  the  smallest  angles  being  at  the  sides.  A  process 
composed  of  the  inner  parts  of  the  plates  around  the  peristome  passes  upwards  like  a 
Bhort  canal :  and  its  surface  is  minutely  granular.  The  ambulacra  of  the  peristome  are 
narrow ;  and  the  first  two  plates  have  each  a  pore  on  them,  which  penetrates  tho  plate 
and  looks  into  the  canal  just  mentioned.  The  other  plates  arc  narrow,  and  gradually 
become  broader  towards  the  margin. 

The  edge  of  the  peristome  between  tho  phyllodes  is  slightly  raised,  and  in  the 
natural  position  projects  slightly  downwards.  The  ornamentation  of  the  actinal  surface 
of  the  test  is  slightly  larger  than  that  of  the  upper  part ;  and  there  is  a  small  knob  close 
to  the  peristome  on  either  side  of  the  ambulacra. 

There  is  a  faint  groove  in  front  of  the  peristome ;  and  the  anterior  margin  is  slightly 
incised  by  it  in  young  specimens.  The  periproct  is  supramarginal  or  marginal,  small, 
and  is  slightly  overhung  by  the  faint  keel. 

Length  of  specimen  (Figures  11  &  12)  ^  inch,  breadth  -jfc  inch,  height  ;  length 
of  a  second  specimen  ft  inch,  breadth  v\,  inch,  height  -j*,,  inch ;  length  of  a  third 
specimen  \$  inch,  breadth  £g  inch,  height  inch. 

Localities.  1.  From  hills  east  of  Lynyan  in  gypseous  shales,  high  horizon. 
Survey-number  G  fi§*- — 2.  North-east  of  Band  Vero,  from  the  Operculina  beds. 
Survey-number  G       — 3.  The  same  as  No.  1.    Survey-number  G  All  are  from 

the  Ranikot  series  of  strata. 

Illustrations  of  the  Species  in  Plate  XVII. 

Fig.  11.  The  side  view:  natural  size. 

12.  From  behind  :  natural  size. 

13.  Outline  of  actinal  surface:  natural  size. 

14.  The  apical  system  and  petals  :  magnified. 

15.  The  peristome :  magnified. 

K  2 


64 


THE  FOSSIL  ECTIINOIDEA 


Suhfam;iy  ECU IN  A  STH MAS. 
Genus  ECHINANT1IUS,  Breynius. 

1.  Eciiixaxtuts  enormis,  sp.  nov.    Plate  XVII,  Figs.  5-10. 

The  test  is  tumid,  irregularly  hemispherical,  higher  in  front  than  behind,  longer 
than  broad,  and  stands  on  a  small  base,  which  is  overhung  by  the  swollen  margins. 
The  marginal  outline  is  elliptical  and  broadest  centrally,  rounded  in  front,  and  very 
faintly  marked  by  a  groove  posteriorly  in  the  median  line.  The  test  is  faintly  swollen 
and  convex  actinally.  The  highest  point  of  the  test  is  eccentric  in  front ;  thence  it 
slopes  rapidly,  the  anterior  longitudinal  section  being  nearly  semicircular ;  behind  the 
slope  is  gradual  and  longer  to  the  slightly  projecting  edge  above  the  periproct.  From 
the  periproct,  which  is  rather  high  up,  there  is  an  oblique  truncation,  so  that  the 
test  passes  from  the  posterior  margin  upwards  and  backwards.  On  cither  side  of  the 
apex  the  slope  is  less  convex,  so  that  a  conical  appearance  is  given  in  section. 

The  apical  system  is  very  eccentric  in  front ;  and  the  disk  corresponds  with  the 
highest  point  of  the  test ;  there  are  four  generative  pores ;  and  the  madrcporic  body 
is  small  and  central 

The  anterior  odd  ambulacrum  is  dwarfed  and  very  short,  it  is  open  and  narrow  ; 
the  poriferous  zones  are  short ;  and  in  different  specimens  there  are  from  8  to  15  pairs 
of  pores  in  each  zone,  which  arc  conjugate.  It  reaches  but  a  short  distance  down 
the  rapid  anterior  slope ;  and  then  the  inner  row  of  each  poriferous  zone  is  continued  in 
single  series,  which  gradually  widen  apart  to  the  margin,  over  which  they  pass  to  the 
jK'ristomc. 

The  anterolateral  ambulacra  are  well  developed,  form  a  large  angle,  are  petalofd, 
moderately  open,  and  have  broad  interporiferous  zones.  The  poriferous  zones  are  rather 
narrow  ;  and  the  subcircular  large  pores  are  conjugate,  with  well-marked  ridges  between 
the  pairs. 

The  postero-lateral  ambulacra  are  the  longest,  form  an  acute  angle,  and  reach  to 
within  their  own  length  of  the  posterior  truncation.  Narrower  than  the  anterolateral 
pair,  more  lanceolate,  and  more  open,  they  are  broadest  near  their  inner  third. 

The  interambulacra  are  largely  developed  on  account  of  the  smallncss  of  the 
abactinal  rosette,  and  the  posterior  one  is  marked  by  a  very  faint  rounded  keel  leading 
to  the  periproct.  The  ornamentation  is  of  small  tubercles  in  shallow  sunken  scrobicules, 
and  it  is  rather  close. 

Actinally  the  test  is  slightly  convex  ;  and  the  peristome  is  small,  excentric  in  front, 
pentagonal,  longest  transversely  (in  some  specimens  the  longitudinal  axis  of  the 
peristome  is  not  quite  in  the  median  line).  The  floseollo  is  moderately  developed  ;  the 
bourrelets  are  slightly  tumid  and  project  downwards ;  and  the  phyllodes  are  open  distally, 
are  short,  and  have  a  few  double  pores. 

The  ornamentation  of  the  actinal  surface  resembles  that  of  the  abactinal ;  and  here 
and  there  minute  granules  encircle  the  scrobicules,  and  others  are  on  the  intermediate 
parts  of  the  test 
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The  pcriproct  is  high  up,  oval  in  the  longitudinal  direction,  and  has  a  faint  groove 
below  it  on  the  sloping  truncation. 

The  length  of  the  test  of  one  specimen  is  -ft  inch,  breadth  -ft  inch,  and  height 
inch.  A  larger  specimen  is  in  length  -ft  inch,  breadth  -ft  inch,  and  height 
ft  inch. 

Localities.  From  hills  east  of  Lynyan,  Ranikot  scries  (Survey-number  Ciffj}); 
and  north-east  of  Band  Vcro  in  the  same  group  (Survey-number  G  \\%). 

Illustrations  of  the  Species  in  Plate  XVII. 

Fig.  G.  A  large  specimen,  side  view :  natural  size. 

0.  A  smaller  specimen  (the  type),  side  view  :  natural  size. 

7.  The  same,  from  behind  :  natural  size. 

8.  The  apical  region :  magnified. 

9.  The  peristome  :  magnified. 
10.  Ornamentation:  magnified. 

Remarks.  Although  the  shape  of  the  test  of  this  species  is  very  abnormal  for 
Echinant/ius,  we  consider  that  the  essential  characters  of  its  structure  are  naturally- 
referable  to  that  genus,  of  which,  however,  it  will  stand  as  a  very  extreme  form.  It  is 
readily  distinguishable  from  any  of  the  species  hitherto  described. 

Genus  CASSIDULUS,  Lamarck,  1801. 

Test  of  small  or  moderate  size,  oblong,  convex  above,  flat  beneath,  or  slightly 
depressed  along  the  median  longitudinal  line. 
Apical  system  slightly  eccentric  in  front. 

Ambulacra  short  and  very  pctaloid.  Pores  conjugate,  the  external  scries  more 
elongate  than  the  internal. 

Peristome  subpcntagonal,  more  or  less  eccentric  in  front,  surrounded  with  a  well- 
dcvclopcd  floscelle. 

Periproct  oval,  longitudinal,  supero-marginal,  placed  at  the  commencement  of  a 
short  groove  which  does  not  indent  the  margin. 

Tubercles  small  and  uniform  on  the  abactinal  surface,  but  much  larger  on  the 
actinal  surface,  excepting  along  a  median  longitudinal  band. 

1.  Cassidclus  elliiticvs,  sp.  nov.    Plate  XV,  Figs.  7-10. 

The  test  is  long,  depressed,  elliptical  in  marginal  outline,  longer  than  broad,  nearly 
twice  as  broad  as  high,  slightly  broadest  behind  the  peristome,  flat  below,  with  a  very 
slight  downward  projection  of  the  posterior  end,  which  is  truncated  for  a  short  distance 
in  the  median  line.  The  margin  is  rouuded  and  tumid  in  front,  and  less  so  and  more 
sharp  at  the  sides  and  posteriorly.  Above,  the  test  is  very  regularly  convex  in  trans- 
verse outline.  The  longitudinal  outline  is  rather  flat  behind  the  slightly  cccentric-in- 
front  apical  system ;  there  is  a  faint  keel,  and  then  a  sudden  fall  and  a  sharp  slope 
to  the  margin.    In  front  the  slope  is  more  gradual  and  faintly  curved  to  the  more 
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rounded  anterior  margin.  The  posterior  part  of  the  test  above,  is  flatter  than  the 
anterior. 

The  peristome  is  under  the  apical  system,  and  is  slightly  in  front  of  the  centre. 
The  periproct  is  supramarginal,  in  a  deep  groove,  which  slightly  flattens  out  posteriorly, 
where  it  terminates  at  the  truncated  end  of  the  test.  It  ia  narrow  and  longitudinal, 
nearly  vertical,  and  under  the  overhanging  test ;  and  its  position  is  considerably  behind 
a  line  which  would  unite  the  extremities  of  the  posterior  petals. 

The  apical  system  is  small ;  the  four  generative  pores  are  distinct ;  and  the  mad  re- 
poric  body,  which  does  not  extend  backwards  to  separate  the  posterior  ocular  plates,  ia 
well  developed  and  central.  The  ambulacra  are  petaloid,  and  the  antero-Iatcral  and 
posterior  arc  nearly  closed  ;  the  anterior  ambulacrum  is  the  broadest,  and  the  posterior 
are  the  largest.  The  ambulacra  are  broadest  in  their  apical  half,  und  the  zones  are 
well  developed  ;  but  the  posterior  poriferous  zone  of  the  posterior  ambulacra  is  slightly 
smaller,  especially  near  the  apex,  than  the  anterior  zone  of  the  same  ambulacrum. 
Otherwise  the  poriferous  zones  are  well  developed,  and  one  of  them  is  nearly  as  wide 
as  the  interporifcrous  zone  is  broad. 

The  poriferous  zones  are  nearly  flush  with  the  test,  and  the  numerous  conjugate 
pores  are  separated  by  distinct  costal  elevations  ornamented  with  a  single  row  of 
granules.  The  inner  pores  are  more  or  less  circular  in  outline,  and  the  outer  are 
smaller  and  more  elongate ;  and  the  direction  of  the  conjugate  grooves  is  oblique. 
The  poriferous  zones  of  each  ambulacrum  are  equally  bent.  The  interporiferous 
zones  are  very  slightly  raised,  are  ornamented  with  numerous  tubercles  standing  in 
sunken  scrobicules,  and  which  are  slightly  smaller  than  those  in  the  interambulacral 
spaces. 

The  ambulacra  do  not  reach  near  the  margin  ;  and  the  end  of  the  posterior  is  ^ 
inch  from  the  posterior  end  of  the  test,  the  periproct  being  ^„  inch  from  the  same  part. 
The  interambulacra  are  well  rounded  off;  but  there  is  a  faint  keel  between  the  posterior 
lateral,  which  reaches  backwards  to  the  periproct.  The  ornamentation  of  the  intcrradials 
is  small  on  the  apical  surface  of  the  test,  and  gradually  increases  iu  size  at  the  margin ; 
it  consists  of  small  tubercles  in  sunken  scrobicules,  with  the  intermediate  area  or 
ridge  covered  with  minute  granules. 

The  peristome  is  slightly  longest  longitudinally,  is  large,  pentagonal,  and  the 
floscelle  is  highly  developed.  The  bourrelets  are  granular  and  swollen,  with  tubercles 
on  the  lowest  projecting  point ;  and  the  buccal  pores  are  in  nearly  closed  phyllodes, 
which  are  petaloid  and  broad.  The  reduplicate  pores  are  numerous ;  and  there  are 
two  sets  of  depressions  for  sphseridia  along  the  interporiferous  line. 

The  ornamentation  of  the  actinal  is  much  larger  than  that  of  the  abactin.-.l  surface, 
and  the  tubercles  are  often  placed  on  one  side  of  their  scrobicule  and  close  to  tbc 
intervening  ridges.  'Hie  large  tubercles  are  seen  along  the  lines  of  the  ambulacra 
beyond  the  phyllode  ;  and  close  to  the  edge  of  the  test  all  the  ornamentation  becomes 
suddenly  small.  A  cancellated  and  worm-eaten  tract  extends  in  the  median  line  from 
the  mouth  to  close  to  the  truncated  margin,  and  it  is  also  seen  in  front  of  the  peristome. 
It  appears  to  be  produced  by  confluence  of  granules. 
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The  shallow  groove  of  the  periproct  has  a  very  small  ornamentation,  which  merges 
into  that  of  the  sharp  truncation. 

Length  of  specimens  1^  and  lfL  inch,  breadth  1^  and  &  inch,  height  ft  and 
-^j  inch. 

Locality.  In  the  Ranikot  series,  north  by  east  of  Petiani,  west  of  Kotri.  Survey- 
numbers  (i  }*g andG  fft* 

Illustrations  of  the  Species  in  Plate  XV. 

Fig.  7.  A  specimen  of  the  test,  from  above. 

8.  The  transverse  section. 

9.  The  floscelle  and  ornamentation:  magnified. 
10.  The  ornamentation  of  part  of  an  ambulacrum. 

Genus  RIIYNCHOPYGUS,  VOrbigng,  1855. 
Test  of  small  or  moderate  size,  depressed,  elongate,  convex  above,  concave  beneath. 
Apical  system  subcentral  or  eccentric  in  front 
Ambulacra  subpctaloid,  almost  straight. 

Periproct  supramarginal,  transverse,  surmounted  by  a  more  or  less  developed, 
subrostratc  roof.  Peristome  pentagonal,  subcentral,  or  only  slightly  execntric,  with 
well-developed  floscelle,  the  bourrelets  being  large  and  the  phyllodes  highly  developed 
and  ornamented.  Tubercles  much  larger  on  the  actinal  surface  than  on  the 
abactinal. 

There  is  much  to  be  said  in  favour  of  the  classification  of  Alexander  Agassiz, 
which  places  this  group  as  a  subgenus  of  the  genus  Cussitlulus.  We  retain  it  as  a 
genus  provisionally  ;  for  our  ideas  of  classification  develop  themselves  as  this  great  series 
of  Echinoderms  is  gradually  examined  aud  described. 

1.  BaiBCHOPTStn  Calderi,  d'Archiac  d-  ITaime,  sp.    Plate  XV,  Figs.  1-4. 

Eurhotlia  Calderi,  d'Archiac  J(  llaimf,  Discrip.  Anm.fi*.  rfu  yroupe  Xumm.  <U  dnde,  p.  352,  pi.  xxx. 
fig.  10. 

A  single  example  of  a  Cassidulid,  which  we  refer  to  dArchiac  and  Haime's 
species,  is  included  in  the  collection  of  the  Echinoidca  of  the  Ranikot  series.  The 
specimen  is  large  but  badly  preserved,  and,  from  not  being  found  in  place,  doubt  exists 
as  to  the  correctness  of  its  being  included  in  this  series.  It  may  have  come  in  from  a 
higher  horizon — probably  the  Khirthar.  We  have  compared  this  fossil  with  a  scries 
from  that  group,  and  find  that  the  accordance  both  of  the  form  of  the  test  and  also  of 
the  matrix  is  exact.  Still,  as  the  doubt  exists,  we  mention  the  species  here,  and  give  a 
description  of  the  imperfect  specimen  by  which  it  is  represented.  A  more  complete 
detail  of  structure  will  be  given  when  we  treat  of  the  fossils  of  the  Khirthar  group, 
which  is  probably  the  true  horizon  of  the  form. 

The  test  is  elongate,  ovoid  in  marginal  outline,  moderately  high,  and  roof-shaped 
above,  rather  sharply  rounded  in  front,  broader  aud  rounded  behind,  except  on  either 
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side  of  the  median  line,  where  it  is  truncated  and  slightly  reentcringly  cursed. 
Actinally  the  test  is  slightly  concave.  The  margin  is  tumid,  but  less  so  posteriorly  ;  and 
there  are  projections  on  it — one  at  the  posterior  third,  and  another  close  to  the  trun- 
cation. The  anterior  part  of  the  test  of  the  ambitus  is  on  a  slightly  higher  level  than 
the  sides:  and  there  is  a  corresponding  upward  slope,  posteriorly,  starting  from  the  first 
projection  on  the  margin.  The  apical  part  of  the  test  is  rather  roof-«haped ;  and  there  is 
a  rounded  eminence  passing  from  the  interporiferous  zone  of  the  anterior  ambulacrum, 
over  the  top  of  the  test,  backwards  to  the  transverse  slit-like  process  covering  the  peri- 
proct.  The  test  slopes  from  this  long  keel,  is  flatter  midway  between  it  and  the  margin 
than  at  the  ambitus,  and  slopes  more  gently  anteriorly  than  towards  the  overhanging 
periproct-ridge. 

The  apical  system  is  slightly  in  front  of  the  centre  of  the  upper  part  of  the  test ; 
and  the  anterior  odd  ambulacrum  is  large,  broad,  very  open  anteriorly,  and  has  broad 
poriferous  zones.  The  line  of  the  inner  pores  of  the  poriferous  zones  is  nearly  straight, 
and  that  of  the  outer  pores  a  curve;  the  interporiferous  zone  is  well  developed  and 
broader  than  one  of  the  poriferous  zones.  '1  he  antero-latcral  ambulacra  are  destroyed, 
except  close  to  the  outer  end  of  one,  which  is  not  closed  ;  but  the  poriferous  zones  are 
closer  together  than  in  the  anterior  odd  ambulncrum.  The  posterior  ambulacra  do  not 
reach  to  the  line  of  the  periproct-ridge ;  but  they  are  too  badly  preserved  to  be  described. 

The  periproct  is  transverse,  is  overhung  by  a  projection  of  the  keel,  and  it  is  in  a 
broad  groove  very  visible  from  above,  which  is  slightly  hollowed  out,  and  merges  by  a 
convex  edge  into  the  truncated  but  slightly  reentering  margin.  The  highest  part  of 
the  test  is  in  rear  of  the  centre,  but  the  abactinal  roof  is  very  level. 

On  the  actinal  surface  there  is  a  larger  ornamentation  than  on  the  abactinal,  and 
there  are  traces  of  a  pitted  structure  in  the  median  line  posteriorly. 

Length  of  the  specimen  1^  inch,  breadth        height  ^  inch. 

Locality.  There  is  some  doubt  whether  this  form  came  from  the  Ranikot  series, 
and  it  may  belong  to  the  Khirthars  above.    Survey-number  G  {351. 

The  list  says  north-oast  of  Petiani,  west  of  Kotri  (not  found  in  place,  probably 
Khirthar  group). 

Illustrations  of  the  Species  in  Plate  XV. 
Fig.  1.  The  test,  side  view:  natural  size. 

3.  The  test,  from  behind :  natural  size. 

2.  The  odd  ambulacrum,  slightly  pitted  :  magnified. 

4.  The  surface  of  actinal  median  line  :  magnified. 

2.  Rhyxchoptgcs  ptgjleis,  sp.  nov.    Plate  XV,  Figs.  5,  G. 

This  species  is  much  smaller  than  the  last,  but  is  of  the  same  general  shape  except 
in  the  absence  of  the  long  even  abactinal  keel ;  the  test  is  more  convex  in  front  from 
the  ambitus  to  the  apex  than  in  the  other  form.  The  actinal  surface  is  concave  from 
side  to  side,  and  the  truncation  posteriorly  barely  exists. 
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The  rosette  is  moderate  in  size  ;  and  the  anterior  odd  ambulacrum  is  characterized 
by  its  open  extremity,  large  intcrporiferous  zone,  straight  inner  line  of  pores,  and  the 
curved  outer  lines.  The  antero-lateral  ambulacra  arc  smaller  than  the  others,  and  do 
not  reach  halfway  to  the  margin.  The  posterior  ambulacra  are  longer  than  these  last, 
have  anairow  intcrporiferous  zone,  have  the  posterior  poriferous  zone  slightly  smaller 
than  its  fellow,  and  they  terminate  more  than  halfway  from  the  apical  disk  to  the  trans- 
verse process  above  the  periproct.  All  the  ambulacra  are  well  open  at  their  ends  ;  and 
the  straightness  of  the  inner  lines  of  pores  is  very  characteristic.  There  is  a  rounded 
keel  over  and  in  front  of  the  transverse  oval  periproct,  which  is  in  a  broad  shelving 
groove. 

The  flosccllc  of  the  peristome  is  highly  developed;  and  the  cribriform  structure  of 
the  median  line  is  evident,  being  bounded  by  a  larger  ornamentation  than  exists  on  the 
abactinal  biirface.  The  large  ornamentation  consists  of  tubercles  in  broad  scrobicules, 
separated  by  ridges ;  several  of  the  tubercles  are  on  one  side  of  the  scrobicule. 

Length  of  specimen  -^j  inch,  breadth  \  J  inch,  height  not  quite  $  inch. 

Locality.  In  the  Kanikot  scries,  north-east  of  Fetiani,  west  of  Kotri.  Survey- 
number  G||?. 

Illustrations  of  the  Species  in  Plate  XV. 
Fig.  5.  The  test, from  above:  natural  size. 

6.  Part  of  the  phyllode  and  pitted  structure :  magnified. 

Genus  EURIIODIA. 
Eurhodia,  itArthiae  <$•  1/aiau,  Animaux  faaita  dt  Tlndt,  p.  214. 
The  superior  petals  are  small,  almost  closed,  and  have  unequal  poriferous  zones ; 
the  buccal  petals  arc  closed,  subequal,  and  have  their  inner  pores  double.  The  peri- 
stome is  surrounded  by  slight  and  unequal  tuberosities  ;  and  the  periproct  is  supramar- 
ginal,  and  opens  into  a  slight  depression ;  it  is  large,  ovular,  and  elongated  trans- 
versely. 

This  diagnosis  was  founded  in  order  to  separate  Eurhodia  from  some  other 
Cassidulids,  and  especially  those  of  the  genera  Pygorhynchus  and  Hardouinia.  It  was 
the  result  of  the  study  of  specimens  which  were  small  and  had  the  peristome  incom- 
pletely shown  or  badly  preserved.  Two  species  were  recorded,  one  Eurhodia  Morrisii, 
which  replaced  I'ygorhynchus  Morrisii,  d'Archiac,  and  Eurhodia  Calderi,  Haime. 

The  first  of  these  is  carefully  described  by  d'Archiac  and  Haime  in  their  'Ani- 
maux Fossiles,'  p.  214,  but  not  from  one  good  or  a  large  series  of  good  specimens. 
Hence  the  correct  shape  of  the  test  and  many  specific  points  are  not  recorded,  and  their 
specific  determination  becomes  almost  generic  in  its  value.  Moreover  the  type  of  the 
distinguished  authors  was  not  full-grown  by  one  third. 

Some  thirty-five  specimens  were  collected  in  the  Ranikot  series ;  and  as  most  of 
them  are  in  good  condition,  many  points  of  structural  importance  can  be  elucidated, 
and  the  specific  characters  slightly  amended.    But  the  generic  attributes  are  not  cor- 
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rectly  given  by  MM.  d'Archiac  and  llaime,  and  it  is  found  that  the  diagnosis, 
although  remarkably  clear,  is  hardly  positive  enough,  and  yet  too  comparative,  especially 
as  it  relates  to  two  other  genera  from  which  this  is  distinguished. 


The  test  is  large  and  stout ;  it  is  elongate,  oval,  and  is  truncated  posteriorly, 
broad  in  front,  depressed,  rather  flat,  or  slightly  rounded  above,  slightly  concave 
actirally  and  tumid  at  the  ambitus.  Apical  system  and  rosette  small,  eccentric  in  front ; 
petals  small,  unequal,  open,  especially  that  of  the  odd  ambulacrum.  Poriferous  zones 
unequal  in  size.  Peristome  large,  eccentric  in  front,  very  elongate  longitudinally, 
pentagonal ;  floscellc  highly  developed  ;  pitted  structure  in  the  median  line  of  the  test 
infcriorly. 

Periproct  elongate  transversely,  supramarginal,  transverse,  in  a  shallow  broad 
groove,  which  shelves  backwards  and  is  surmounted  by  a  rounded  roof. 

1.  EntHODlA  MOKRisn,  d'Archiac  and  llaime.    Plate  XVIII,  Figs.  1-7. 

Pygorhynchus  Morrisii,  <t Arthiae,  ISoO,  Ilitt.  dtt  prwjrit  <Ul<i  OM.  t.  iii.  p.  218. 
The  thick  test  is  long,  rather  depressed,  ovoid  at  the  tumid  margin,  broad  in  front, 
widest  in  front  of  the  centre,  on  a  line  with  the  peristome,  and  tapering  backwards 
to  a  posterior  truncated  edge.  The  apical  surface  is  highest  behind  the  centre  and 
between  the  posterior  ambulacra  ;  it  slopes  slightly  on  a  comparatively  plane  surface  to 
near  the  end  of  the  odd  ambulacrum,  and  then  merges  into  the  boldly  convex  ante- 
rior portion  of  the  test,  which  unites  with  the  tumid  margin.  Behind,  the  slope  is 
more  sudden,  and  there  is  a  rounded  low  keel,  which  reaches  backwards  along  a  slope 
very  much  less  defined  than  the  anterior  convexity  of  the  test,  and  which  reaches  to 
the  edge  over  the  supramarginal  periproct.  The  keel  and  the  test  slope  on  either  side 
rapidly  to  the  sides  of  the  test,  so  that  this  part  is  less  tumid  and  narrower  than  the 
anterior  portions.  The  posterior  edge  of  the  test  is  rounded,  but  is  rather  sharp  ;  it  is 
nearly  straight  transversely,  but  just  a  little  incurved,  aud  the  broad  shallow  periproct- 
groove  slopes  upwards  and  forwards  from  it.  The  actinal  surface  is  nearly  flat,  but 
there  is  a  longitudinal  and  central  depression,  at  the  anterior  end  of  which  is  the 
peristome ;  posteriorly  the  actinal  surface  is  very  slightly  produced  downwards. 

The  apical  system  is  small  aud  eccentric  in  front ;  there  are  four  generative 
pores,  and  the  madreporic  is  central ;  the  outer  pores  are  well  developed.  The  ante- 
rior odd  ambulacrum  is  straight,  open,  and  the  outer  series  of  pores  of  the  jwriferous 
zones  curves  to  the  straight  inner  series.  The  interporiferous  zone  is  broader  than  one 
of  the  poriferous  zones.  The  pores  of  this  and  of  the  other  ambulacra  are  conjugate, 
and  the  outer  scries  are  more  elongate  than  the  inner,  which  often  are  circular  in 
outline ;  the  pores  of  a  pair  are  more  widely  spaced  in  the  middle  of  the  poriferous 
zone  than  at  the  extremities;  and  sometimes  the  conjugation  is  difficult  to  trace  in 
the  middle  of  the  zone  in  some  specimens.     The  pores  of  all  the  ambulacra  are 
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numerous,  and  arc  crowded  near  the  apex  in  consequence  of  the  narrowness  of  the 
ambulacral  plates ;  and  the  pairs  are  separated  by  costal  ridges,  distinct  in  some  parta 
and  sparsely  and  irregularly  ornamented  with  granules  (Fig.  6). 

The  anterolateral  ambulacra  are  petaliform,  slightly  open,  and  are  as  long  as 
but  broader  than  the  anterior  odd  ambulacrum.  The  poriferous  zones  are  curved  and 
even  slightly  sinuous  distally,  especially  the  posterior;  and  the  interporiferous  zone  is 
broader  than  that  of  the  other  ambulacra.  The  posterior  lateral  ambulacra  are  the 
longest ;  they  are  nearly  closed,  form  an  acute  angle,  and  reach  back  to  within  one  and 
a  half  times  their  length  of  the  periproct.  The  inner  or  posterior  poriferous  zones  are 
narrow  and  nearly  straight ;  and  the  outer  arc  much  the  broadest  and  curved  ;  the 
distinction  between  the  two  zones  is  very  decided.  All  the  ambulacra  are  nearly  flush 
with  the  test,  and  their  interporiferous  zones  are  covered  with  a  small  tuberculatum 
resembling  that  of  the  intcrambulacra  of  the  upper  part  of  the  test.  The  tubercles  are 
minute,  sunk  in  a  deepish  scrobicule,  and  are  rather  wide  apart.  The  tubercles  are  with- 
out order,  but  at  the  end  of  the  anterior  odd  ambulacrum  they  assume  a  linear  con- 
vergent arrangement,  and  form  a  scries  of  successive  Vandykes,  the  angle  being  outwards 
and  forwards.  The  ambulacra  are  continued  over  the  margin,  a  very  small  pore  being 
seen  here  and  there. 

The  ornamentation  of  the  upper  part  of  the  test  is  very  equal  and  small ;  it 
becomes  crowded  at  the  margins,  and  at  the  under  surface  it  gradually  increases  in  the 
dimensions  of  the  tubercles  and  serobicules,  until  the  largest  are  found  close  to  the 
peristome.  Beneath,  the  tubercles  have  a  boss  and  mamelon  and  are  perforate,  and  are 
separated  by  minute  granulations. 

The  peristome  is  beneath  the  apical  system,  is  longer  than  broad,  elongate,  longitudi- 
nally narrow,  pentagonal,  and  narrowest  and  angular  anteriorly.  It  is  deep,  and  the 
floscclle  is  well  developed. 

These  buccal  petals  are  broad,  nearly  closed,  a  tubercle  often  interposing  between 
the  poriferous  zones  at  their  ends,  wide  apart ;  and  their  poriferous  zones  are  well 
developed,  and  marked  with  grooves  and  costce. 

The  poriferous  zones  have  numerous  pores  in  the  outer  row,  and  about  half  the 
number  in  the  inner  row,  connected  by  grooves  which  are  rather  wide  apart. 

The  inner  pores  are  doubled  in  most  instances ;  and  very  frequently  the  innermost 
series  appear  to  be  aborted  and  blind,  possibly  modified  into  sphocridia-pits.  Two  pores 
arc  within  the  peristome. 

The  anterior  petal  is  usually  the  broadest,  and  is  arched  around  by  a  small  pitted 
space  whose  pits  are  rather  deep  and  small  and  irregularly  placed.  This  spaco  is  con- 
tinued forwards,  and  also  extends  sometimes  on  both  flunks  of  the  anterior  petal.  The 
antcro-lateral  buccal  petals  arc  more  pointed  than  the  odd  one,  and  arc  surrounded  by 
a  row  of  large  tubercles. 

The  postero-lateral  ambulacra  also  have  a  tubercle  at  their  open  distal  end,  and 
posteriorly  they  arc  bounded  by  the  commencement  of  the  median  pitted  space,  which 
reaches  forwards  to  the  posterior  edge  of  the  dense  peristomial  lip.    The  buccal  petals 
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are  slightly  concave  at  their  interporiferous  zones  ;  and  these  portions  contract  within 
and  slope  upwards  into  the  mouth  in  flat  stalk-like  processes. 

The  interambulacra  end,  actinally,  in  short,  slightly  downward-projecting,  broad 
processes  or  bourrelets,  which  arc  covered  with  an  exceedingly  delicate  granulation. 
They  pass  upwards,  forming  the  sides  of  the  peristomial  pentagon,  and  are  concave 
externally  between  the  phyllodes  where  they  are  in  contact  with  the  pitted  spaces  or 
regions  of  large  tubcrculation.  The  posterior  pitted  space  reaches  the  posterior  margin 
of  the  test,  and  diminishes  gradually  in  width. 

The  periproct  is  large,  transverse ;  and  the  broad  edge  of  the  slight  posterior  inter- 
radial  keel  overhangs  it.  The  floor  of  the  periproct,  slightly  concave  and  broad,  merges 
into  the  posterior  shelving  process,  which  terminates  in  a  rather  sharp  edge  at  the  pos- 
terior truncation  of  the  test. 


2,*0  inches.  1^  inch.  1  inch. 

2 A     „  1A     „  not  quite  1  „ 

2  n  1  U>       »»  1  i  »> 

n  ItV    »  "A  »» 

Locality.  North-east  of  Petiani,  west  of  Kotri,  Ranikot  series  (.Survey-number 
(i  f  8s);  al*°  a*  Jhirak,  Ranikot  series  (Survey-number  (i  \\%). 

Variety.  With  a  narrow  interporiferous  zone  to  the  odd  ambulacrum;  the  test 
more  elliptical  and  larger  behind  than  the  type ;  other  structures  the  same. 

Several  specimens  of  this  variety  occur ;  and  there  is  some  variation  in  regard  to  their 
height  and  breadth ;  they  are  mostly  smaller  forms,  but  most  are  more  than  1  inch 
in  length. 

Localities.  South-west  of  Jhirak;  hills  east  of  Lynyan ;  from  gypseous  shales, 
Jhirak.    Survey-numbers  G\\^G  ffg,,  G  \  Jft. 
These  are  all  from  the  Ranikot  group. 


Illustrations  of  the  Species  in  Plate  XVIII. 

Pig.  1.  The  test,  from  above:  natural  size. 

2.  Side  view:  natural  size. 

3.  Transverse  outline. 

4.  Actinal  surface :  natural  size. 

5.  Apical  system  :  magnified. 

6.  Part  of  an  ambulacrum :  magnified. 

7.  The  floscelle :  magnified. 


Genus  PARALAMPAS,  gen.  nov. 
Test  of  small  size,  suboval,  high,  and  convexly  inflated  above,  greatest  elevation 
posteriorly  eccentric;  slightly  concave  beneath,  margins  very  tumid. 
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Ambulacra  petaloid,  short,  subcqual,  closely  approximating  at  the  extremities 
distally  ;  poriferous  zones  equal;  pores  equal,  round  and  conjugate. 
Apical  disk  compact,  slightly  eccentric  in  front. 

Peristome  pentagonal,  more  or  leBs  eccentric  in  front,  slightly  widest  laterally ; 
floscelle  well  developed,  with  wall-like  bourrelcts. 

Periproct  suboval,  supramarginal,  high,  overhung  by  a  well-developed  supra-anal 
rostration,  with  a  more  or  less  defined  groove  beneath. 

Tubercles  small,  uniform,  crowded,  equidistantly  placed,  sunken  in  deep  scrobicules ; 
slightly  larger  and  more  widely  spaced  on  the  actinal  surface. 

This  genus  resembles  Rhynchopygm  to  a  certain  extent  in  consequence  of  the  over- 
hanging character  of  the  supra-anal  portion  of  the  odd  interambulacrum,  but  differs 
widely  in  the  great  height  and  posterior  eccentricity  of  the  elevation  of  the  test,  and 
is  further  distinguished  by  the  small  and  petaloid  ambulacral  rosette,  the  equal  pores, 
the  comparative  simplicity  of  the  floscelle,  the  absence  of  a  median,  pitted,  actinal  band, 
and  the  small  and  homogeneous  character  of  the  actinal  tuberculation,  which  is  very 
slightly  larger  than  that  above  the  ambitus.  It  differs  from  Pygorhynchus  in  the  form 
of  the  test,  the  character  of  the  ambulacra,  the  structure  of  the  floscelle,  and  the 
absence  of  the  median  band.  It  is  distinguished  from  Echinantkus  by  the  form  of  the 
test,  the  supra-anal  rostration,  and  the  proportions  and  character  of  the  petals  and 
pores.  From  Catopygua,  to  which  the  form  of  the  test  presents  a  somewhat  exagge- 
rated resemblance,  it  is  well  defined  by  the  character  of  the  ambulacra,  the  concave 
actinal  surface,  and  the  structure  of  the  floscelle. 

1.  Paralampas  filkcs,  sp.  nov.    Plate  XV,  Figs.  11-14. 

The  test  is  high,  longer  than  broad,  broadest  posteriorly,  very  convex  above,  and 
rather  concave  below,  except  at  the  tumid  margins.  The  sides  of  the  test  are  swollen 
and  project  outwards  more  than  the  margins,  and  slope  up  roundly  to  the  top.  The 
greatest  height  is  between  the  distal  ends  of  the  posterior  ambulacra ;  and  thence  the 
test  slopes  forwards,  slightly,  to  the  apical  system,  which  is  eccentric  and  in  front,  and 
roundly  and  sharply  backwards  to  the  ridge  over  the  narrow  periproct,  which  is  about 
two  thirds  of  the  distance  from  the  margin.  The  transverse  outline  of  the  test  above 
the  ambituB  is  nearly  semicircular,  but  there  is  a  slightly  angular  summit.  At  the 
margin  the  test  is  rounded  and  narrow  in  front  and  broadly  rounded  behind ;  and  there 
is  a  concave  surface  along  the  actinal  median  line. 

The  peristome  is  small,  eccentric  in  front,  transverse  and  pentagonal.  There  is 
a  projecting  ridge  or  lip  from  each  intcrambulacral  space  or  bourrclct ;  and  traces  of 
double  pores  are  seen  in  one  part  of  this  badly  preserved  portion  of  the  test. 

The  apical  system  is  eccentric  and  slightly  in  front,  and  is  moderate  in  size ;  the 
madreporiform  body  is  central ;  and  there  are  four  generative  pores.  Near  it,  the  intcr- 
ambulacral spaces  are  excessively  narrow,  in  consequence  of  the  rather  abruptly  broad 
petals  of  the  trivium.  The  anterior  odd  ambulacum,  the  longest,  is  pctaliform,  pusses 
along  the  anterior  declivity  of  the  test,  docs  not  reach  the  margin  by  a  distance  nearly 
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equal  to  its  length,  is  open  distnlly,  and  has  a  very  broad  interporiferous  zone.  The 
poriferous  zones  are  equal,  rather  narrow,  and  the  pores  are  circular  in  outline  or 
slightly  elliptical.  The  pairs  of  pores  are  rather  oblique,  arc  crowded  near  the  apex, 
and  much  wider  apart  distally  ;  and  the  pores  are  conjugate.  The  ombulucrum  is 
broadest  midway,  and  is  flush  with  the  test.  The  antero-luteral  ambulacra  arc  shorter 
than  the  others,  have  a  tendency  to  close,  are  petaloid  and  broad  in  the  interporiferous 
zone.  They  diverge  greatly,  but  are  not  transverse,  and  they  do  not  reach  to  the  most 
swollen  part  of  the  side  of  the  test.  The  posterior  ambulacra  are  rather  close,  and  are 
narrower  than  the  anterolaterals ;  they  end  very  far  from  the  periproct-groove,  and  more 
than  their  own  length.  The  poriferous  zones  of  the  ambulacra  have  a  close  resemblance. 
There  are  27  pairs  of  pores  in  the  odd  ambulacrum,  and  25  in  the  others.  The  large 
interporiferous  zones  arc  very  characteristic. 
The  peristome  is  beneath  the  apical  disk. 

The  periproct  is  in  a  decided  groove,  with  a  shelving  process,  which  reaches  the 
tumid  margin,  and  is  covered  at  about  halfway  up  the  posterior  part  of  the  test  by  a 
roof-like  ridge.    The  periproct  is  longitudinal  rather  than  transverse. 

The  ornamentation  of  the  test  is  that  of  very  small  tubercles  or  sunken  areolae; 
and  there  is  a  fair  amount  of  intermediate  raised  reticulation. 

Length  J  inch,  breadth  &  inch,  height  ^  inch. 

Locality.  Hills  east  of  Lynyan,  from  gypseous  shales,  Ranikot  series.  Survey- 


2.  Paraumpas  minor,  sp.  nov.    Tlatc  XVII,  Figs.  1-1. 

The  test  is  small,  almost  hemispherical,  stands  on  a  Bmall  base  beneath  the  over- 
hanging tumid  margins ;  it  is  as  long  as  broad,  and  slightly  longer  than  high,  broadest 
midway  between  the  peristome  and  the  posterior  margin,  slightly  truncated  posteriorly, 
and  decidedly  concave  actinally  around  the  peristome.  The  marginal  outline  is  ellip- 
tical, and  broadest  behind.  The  highest  point  superiorly  is  central,  and  is  situated 
between  the  posterior  ambulacra.  The  apical  system  is  eccentric  in  front  and  on  the 
rounded  anterior  slope.  The  peristome  is  more  central  than  the  apical  system,  and  the 
periproct  is  high  up,  circular  in  outline,  and  at  the  top  of  the  posterior  truncation,  which 
has  a  faint  groove. 

The  apical  system  and  subequal  petaloid  ambulacra  are  small ;  there  arc  four 
generative  pores,  and  a  small  central  madreporic  body.  The  anterior  odd  ambulacrum, 
well  developed,  is  nearly  closed  ;  the  pores,  large  and  circular  in  outline,  arc  conjugate ; 
and  the  grooves  are  oblique ;  and  the  interporiferous  zone  is  fairly  developed.  The 
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Illustrations  of  the  Species  in  Plate  XV. 


Fig.  11.  The  test,  side  view:  natural  size. 

12.  View  from  behind:  natural  size. 

13.  Marginal  outline,  from  below. 


14.  The  apical  system :  magnified. 
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anterolateral  ambulacra  form  a  very  open  angle,  are  nearly  closed  ;  the  conjugate  grooves 
are  oblique,  and  the  posterior  poriferous  zone  is  more  curved  than  the  anterior.  The 
postero-lateral  ambulacra  are  nearly  closed,  are  rather  close  together  ;  and  the  conjugate 
grooves  are  oblique.  The  extremities  of  these  ambulacra  are  about  1|  times  the 
length  of  the  petals  from  the  periproct.  The  interporifcrous  zones  of  the  lateral 
ambulacra  are  narrow  distally,  and  in  all  cases  are  sparsely  ornamented  like  the  sur- 
rounding in  terradial  area. 

The  interradial  areas  are  large,  and  are  separated  by  the  long  continuations  of 
(he  ambulacra  beyond  the  petaloid  portions.  These  continuations  are  broader  than 
the  ambulacra  as  they  reach  the  margin,  although  narrow  at  the  end  of  the  petals ; 
they  are  marked  by  a  series  of  solitary  pores  on  either  side.  The  posterior  interambu- 
lacrum  is  rounded  between  the  ambulacra,  and  then  slopes  with  a  very  equal  convexity 
backwards  and  downwards,  forming  hardly  a  trace  of  keel,  and  reaches  the  periproct. 
The  ornamentation  of  all  the  interradials  is  small,  close,  equal,  and  consists  of  small 
tubercles  in  sunken  scrobicules,  the  intermediate  raised  portion  of  the  test  being 
scanty. 

The  peristome  is  sunken,  subcentral,  pentagonal,  largest  transversely,  and  deep. 
The  floscelle  is  moderately  well  developed.  The  bourrelets  are  narrow  and  project 
downward*,  with  rounded  edges;  and  the  phyllodes  are  not  petaloid,  but  are  opeu 
externally  and  small  peristomially.  There  is  a  slight  reduplication  of  pores,  and  the 
first  pair  are  very  visible  at  the  peristomial  edge. 

The  actinal  ornamentation  is  of  the  same  character  as  the  abactinal,  but  slightly 
larger. 

Just  above  the  rounded-ofT  posterior  margin  the  test  is  very  slightly  truncated ; 
and  there  is  a  shallow  median  groove  with  a  faint  ridge  on  either  side  leading  up 
to  the  periproct. 

The  length  of  the  type  is  y>u-  inch,  and  the  extreme  breadth  is  the  same;  the 
height  is  y*u-  inch. 

Locality.  Hills  east  of  Lyuyan,  gypseous  shales  in  the  Ranikot  series.  Survey- 
number  G  |tJ». 

Illustrations  of  the  Species  in  Plate  XVII. 

Fig.  1.  View  from  the  side:  natural  size. 

2.  From  behind :  natural  size. 

3.  The  apical  system  and  petals :  magnified. 

4.  The  peristome :  magnified. 

Remarks.  This  species  is  very  nearly  allied  to  P.  pileus,  but  differs  in  the  more 
conoidal  and  more  tumid  form  of  the  test.  The  periproct  is  higher  up,  the  median 
keel  and  the  overhanging  supra-anal  ridge  are  much  less  developed,  and  the  infra«anal 
groove  is  narrower  and  more  clearly  defined.  The  ambulacral  petals  are  comparatively 
smaller,  and  tho  interporifcrous  areas  narrower,  than  in  the  preceding  species.  These 
differences  appear  sufficient  to  warrant  the  recognition  of  the  independence  of  this  form, 
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although  it  is  quite  possible  that  it  may  be  the  young  stage  of  a  well-defined  variety  of 
P.  pihus. 

Genu*  NEOCATOPYGUS,  gen.  nov. 

Test  of  moderate  size,  tumid  and  high,  subrotuud  marginally,  greatest  height 
posteriorly  eccentric.  Abactinal  area  convex,  sides  tumid  and  high ;  actinal  surface 
convex.    Posterior  extremity  subrostratc  and  prominent,  tumid  actinally. 

Ambulacra  petaloid,  petals  short  and  subequal,  open  at  the  extremity  ;  poriferous 
rones  subequal,  pores  unequal  and  conjugate.    Extrapetalous  pores  single. 

Peristome  small  and  pentagonal,  eccentric  in  front.  Floscelle  well  developed  ; 
bourrelets  forming  an  ornamented  wall-like  rim ;  phyllodes  with  an  inner  series  of 
supplemental  pores. 

Apical  disk  small  and  compact,  slightly  eccentric  in  front ;  four  generative  porea ; 
madreporiform  body  placed  centrally. 

Periproct  small,  subcircular  or  oval,  supramarginal,  placed  at  the  extremity  of  the 
posterior  rostration,  by  which  the  aperture  is  slightly  overhung.  The  subaual  area, 
which  is  tumid  and  rostrate,  is  faintly  grooved. 

Tubercles  small,  perforate  and  crenulatc,  sunken  in  deep  scrobiculcs,  intermediate 
space  granular,  the  encircling  ring  of  the  scrobicule  often  well  defined.  Actinal  orna- 
mentation coarser  than  above  the  ambitus. 

This  genus  recalls  Catopygus  to  a  certain  extent,  but  is  readily  distinguished  by 
the  form  of  the  test,  the  small  ambulucral  rosette,  the  single  series  of  extrapetalous 
pores,  the  character  of  the  floscelle,  the  position  of  the  periproct,  and  the  character  of 
the  posterior  rostration. 

The  form  is  well  defined,  and  further  comparison  with  other  genera  of  Echino- 
lampina?  seems  superfluous. 

The  forms  included  in  this  genus  differ  much  from  the  modern  Catopygi,  and  are 
as  remote  from  them  as  from  the  Cretaceous  forms. 

1.  Neocatoftgcs  rotcndijs,  sp.  nov.    Plate  XVI,  Figs.  1-10. 

The  test  is  very  tumid,  broadly  oval  or  cordiform  in  marginal  outline,  rounded  in 
front,  rather  pointed  behind,  broadest  at  a  lateral  projection,  which  is  anterior  to  a 
narrowing  immediately  anterior  to  the  faint  subaual  rostrum.  The  test  is  highest 
posteriorly  midway  between  the  distal  ends  of  the  posterior  lateral  ambulacra,  and  it 
slopes  gradually  in  front  to  the  very  tumid  ambitus,  and  more  suddenly  posteriorly  to 
the  periproct,  which  is  three  quarters  of  the  distance  from  the  upper  part  of  the  test  to 
the  lower ;  thence  the  outline  of  the  teBt  passes  obliquely  downwards  and  forwards. 
The  sides  of  the  test  arc  tumid,  and  slope  up  gradually  to  the  apex,  and  more  suddenly 
to  the  slightly  convex  actiual  surface.  The  apical  surface  is  convex  ;  and  the  convexity 
of  the  posterior  interambulacral  area  is  interfered  with,  along  the  median  line  behind 
the  point  of  greatest  height,  by  a  shallow  groove  with  faintly  raised  edges.  This  groove, 
with  its  edges,  becomes  slightly  raised  near  the  periproct;  and  the  structure  is  continued 
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inferiorly  down  to  the  roundcd-off  and  slightly  projecting  posterior  rostral  process. 
The  test  is  slightly  longer  than  broad,  and  broader  than  high. 

The  apical  system  is  small  and  rather  eccentric  in  front ;  there  are  four  genera- 
tive pores  ;  and  the  madrcporic  body  is  placed  centrally  and  is  slightly  prominent.  The 
ambulacra  are  small  in  relation  to  the  surface  of  the  test,  do  not  extend  beyond  the 
moderately  convex  upper  surface  onto  the  tumid  sides,  and  arc  snhequal,  petaloid,  and 
do  not  close.  They  are  nearly  flush  with  the  test.  The  interporiferous  zones,  slightly 
above  the  level  of  the  test,  are  broadest  at  the  commencement  of  the  distal  third,  and 
are  about  double  the  width  of  a  poriferous  zone  ;  and  their  ornamentation  is  of  a  few 
small  tubercles  in  sunken  scrobicules.  The  poriferous  zones  have  the  pores  placed 
rather  oblicpiely,  and  the  outer  set  are  larger  and  more  oval  than  the  rounder 
inner  series.  They  are  conjugate,  and  the  costal  ridges  are  granular.  The  pairs  of 
pores  are  close,  and  the  plates  of  the  ambulacra  are  numerous.  The  posterior  lateral 
petals  are  slightly  the  longest  and  contain  the  most  pores;  and  the  anterolateral 
petals  diverge  greatly,  forming  an  angle  of  about  G0°  GG°.  A  row  of  numerous  single 
pores  pusses  from  each  poriferous  zone  over  the  ambitus;  and  the  two  rows  forming  the 
extrapctaloid  ambulacrum  diverge  on  leaving  the  ends  of  the  petals. 

The  interambulacra  arc  wide  and  conform  to  the  slight  convexity  of  the  test ;  their 
ornamentation  is  of  sparsely  distributed  tubercles  in  sunken  scrobicules,  the  intermediate 
surface  being  ornamented  with  granules  which  are  often  arranged  in  circles  around  the 
scrobicules,  or  the  spaces  may  be  minutely  punctated. 

There  is  a  certain  gibbosity  placed  longitudinally  along,  or  rather  posterior  to,  the 
median  suture  of  the  interradial  area  between  the  antero-lateral  and  postero-lateral 
ambulacra. 

The  peristome  is  very  small ;  it  is  more  eccentric  in  front  than  the  apical  system, 
is  pentagonal,  with  slightly  re-entciingly  curved  bourrelets,  and  it  is  slightly  longer 
transversely  than  longitudinally  ;  and  the  floscclle  is  well  developed.  A  wavy  ornamented 
rim  projects  downwards  from  the  bourrelets  and  from  the  sides  of  the  proximal  part  of  the 
phyllodes.  The  buccal  ambulacra  or  phyl lodes  have  open  ends,  whicfa  expand  into  the 
long  line  of  single  pores,  and  they  have  supplementary  pores  and  also  central  pits.  The 
ornamentation  of  the  test  is  coarser  actinally,  and  some  of  it  is  within  the  poriferous 
zones  of  the  phyllodes. 

The  periproct  is  small,  supra  marginal,  low  down ;  it  is  almost  circular,  or  sur- 
mounted by  a  slightly  projecting  ledge  of  the  flat  grooved  keel;  ami  there  is  a  faint 
groove  leading  from  it  downwards  and  forwards  to  be  lost  on  the  tumid  posterior 
rostrum. 

Length  of  the  test  l^j  inch,  breadth  1 /„  inch,  height  1  inch. 

Jjorality.  Hills  east  of  Lynyan,  from  the  gypseous  shales  in  the  Ranikot  series. 
Survey-number  G  \ 

There  are  many  specimens  of  different  6izes  of  this  species  in  the  collection. 

Some  of  these  are  from  an  uncertain  locality,  and  are  numbered  G  f!}°,  but  they 
evidently  belong  to  the  same  species  and  can  hardly  be  called  varieties. 
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In  all  the  tumid  test,  the  slightly  eccentric-in-front  and  small  apical  rosette,  the 
more  eccentric-in-front  anil  small  and  transverse  peristome,  with  a  well-developed 
flosccllc,  the  faint  keel,  and  the  projecting  but  low-down  periproct  and  the  cxtra- 
petalnus  row  of  solitary  pores  arc  very  distinct  and  characteristic. 

Illustrations  of  the  Spedti  in  Plate  XVI. 

Fig.  1.  The  test,  from  above:  natural  size. 

2.  The  test,  from  below  :  natural  size. 

3.  The  floscelle  and  peristome  :  magnified. 

4.  The  test,  side  view  :  natural  size. 

5.  The  posterior  end  :  magnified. 
G.  The  transverse  outline. 

7.  The  apical  system  :  magnified. 
S.  A  small  specimen,  from  above. 
!».  The  ornamentation  :  magnified. 
10.  Pari  of  an  an  bulacrum  :  magnified 

Family  SPA  TA  NGI&J2. 
ffMt/Wy  SPA  T.  t  ya/.x.s. 

Genus  1 1  EM  I  ASTER,  DetOT,  1847, 

The  test  may  be  short  and  inflated,  or  dilate  and  cordiform. 

Apical  system  subcentral,  or  more  frequently  eccentric  posteriorly. 

The  paired  ambulacra  are  petaloid,  more  or  less  unequal,  placed  in  furrows;  their 
poriferous  zones  are  broad  and  equal,  pores  elongate.  The  odd  ambulacrum  often 
narrower  than  the  rest,  and  placed  in  a  less  defined  groove;  its  poriferous  zones  art- 
very  narrow,  and  composed  of  very  small  round  pores  forming  a  simple  series  of  widely 
spaced  obliquely  placed  pairs. 

Peristome  bilabiate,  very  eccentric  in  front. 

Periproct  on  the  posterior  extremity. 

A  single  fasciole,  peripctalous,  more  or  less  angular,  surrounding  the  ambulacr.il 
petals. 

Tubercles  perforate  and  crenulate,  not  sunken  in  scrobicules  ;  small,  uniform,  and 
crowded  on  the  abactinal  surface,  rather  longer  on  the  actinal  surface. 

1.  IIh.mia.sTkk  ei.oxgatl's,  sp.  nov.    Plate  XIX,  Figs.  7-15. 

The  test  is  long,  depressed,  tumid  at  the  ambitus,  slightly  convex  actinally,  rather 
rounded  apically,  highest  posteriorly,  posterior  margin  slightly  truncated  above  a  sharp 
plastron-point  and  below  the  elliptical  transversely  placed  periproct.  It  is  longer  than 
broad,  and  broader  than  high. 
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The  marginal  outline  is  ovoid,  broadest  centrully,  broader  in  front  than  behind] 
where  the  test  diminishes  in  breadth  rapidly.  The  anterior  margin  is  well  rounded,  the 
groove  not  reaching  to  the  ambitus ;  and  on  a  line  with  the  autero-lateral  ambulacra 
there  is  some  marginal  flattening.  A  side  view  of  the  test  shows  the  tumid  margin 
sloping  backwards  more  rapidly  than  forwards ;  the  highest  point  is  far  back ;  thence 
the  test  slopes  backwards  rapidly  over  a  very  flat  broad  keel  to  overhang  the  periproct, 
and  forwards  more  gradually  but  decidedly  to  the  low  tumid  anterior  margin.  The 
test  stands  on  a  smaller  base  than  the  margin  ;  and  the  height  of  the  test  diminishes 
rapidly  in  front  of  the  very  eccentric-in-front  peristome.  Posteriorly  and  below  is 
the  pointed  plastron-end,  and  the  test  slopes  rapidly  upwards  and  backwards,  and  then 
lwarly  upwards  to  the  pcriproct.  The  outline  of  the  test  seen  from  behind  is  depressed 
at  the  sides,  pointed  below,  faintly  rounded  and  keeled  above.  Anteriorly,  the  outline 
indicates  a  rounded  actinal  surface,  showing  the  opening  of  the  peristome,  a  low  tumid 
margin,  and  a  broad  low  ambulacral  groove  with  a  low  keel  on  either  side  of  it. 

The  apical  system  is  slightly  behind  the  centre  of  the  test,  is  small,  and  is  situated 
on  a  narrow  transverse  keel  of  the  lateral  interradia.  The  peristome  is  very  eccentric 
in  front.  The  periproct  is  situated  about  three  fourths  of  the  distance  from  the  pointed 
end  of  the  plastron  to  the  summit  of  the  test. 

The  apical  system  is  compact  and  small ;  the  madreporic  body  is  small,  and  sepa- 
rates the  posterior  ocular  plates,  but  does  not  extend  into  the  posterior  iutcrrndial  area ; 
there  are  only  two  generative  pores,  ami  they  are  situated  at  the  tops  of  truncated 
cones  separated  at  their  bases  by  the  granular  surface  of  the  madreporic.  The  cones 
arc  at  the  extremities  of  a  narrow  transverse  ridge.  The  right  and  left  antcro-lateral 
generative  plates  are  very  small,  and  they  are  not  perforated  by  pores  ;  and  the  postero- 
lateral plates  are  the  largest  and  are  perforated.  There  is  no  posterior  generative 
plate.  The  ocular  plates  are  well  developed,  and  are  placed  in  hollows,  and  iutrudc  on 
the  generative-plate  edges. 

The  odd  anterior  ambulacrum  is  in  a  shallow  groove,  which  widens  and  shallows 
anteriorly  until  it  is  just  lost  at  the  ambitus;  there  is  a  keel  ou  either  side,  which 
diverges  from  its  fellow,  and  which,  well  developed  near  the  apical  system,  gradually 
broadens  and  becomes  lower  anteriorly.  The  keels  slope  rather  rapidly  towards  the 
base  of  the  groove  ;  and  the  ambulacral  pairs  of  pores  are  situated  partly  on  the  base 
and  partly  on  the  slope.  They  are  few  in  number,  are  oblique,  and  the  pores  of  each 
pair  are  separated  by  a  small  tubercle.  Beyond  the  fasciole  the  pairs  become  very 
rare. 

The  antcro-lateral  ambulacra,  in  shallow  grooves,  arc  small,  form  an  angle  of  about 
90°,  are  petaloid,  very  nearly  closed,  slightly  sinuous,  broadest  in  the  outer  half,  and 
fairly  rounded  close  to  the  fasciole  which  closes  them.  The  poriferous  zones  are  large 
and  on  different  levels,  the  anterior  being  on  the  slope  of  the  test,  caused  by  the  keel 
of  the  anterior  odd  ambulacrum,  and  the  posterior  nearly  flat.  The  pores  are  conju- 
gate, rather  wide  apart,  elongate,  and  the  inner  are  the  smallest;  near  the  ocular 
end  the  pores  of  the  anterior  poriferous  zone  are  smaller  than  those  of  the  posterior, 
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and  as  a  whole  the  anterior  series  are  more  bent  than  the  posterior.  The  interpori- 
ferous  zone  is  shallow,  and  not  as  broad  as  one  of  the  poriferous  zones.  The  postero- 
lateral ambulacra  diverge  nearly  as  murh  as  the  anterolateral,  are  much  smaller  than 
the  others,  are  slightly  longer  than  broad,  rounded,  and  nearly  closed  close  to  the  fasciole, 
are  in  shallow  grooves ;  and  the  pairs  of  pores  are  few,  8  to  11  in  number.  There  arc  a 
few  minute  granules  on  the  ridges  between  the  pairs  of  pores,  and  there  is  a  distinct 
longitudinal  line  in  the  interporiferous  zones.  Beyond  the  fasciole  the  pores  of  the 
ambulacra  arc  in  single  series ;  and  they  reach  the  peristome,  where  they  become  more 
numerous. 

The  antcro-lateral  interradia  are  swollen  by  the  keels  of  the  odd  ambulacrum,  and 
become  broader  anteriorly  ;  they  are  very  narrow  near  the  apex,  between  the  pores  of  the 
odd  ambulacrum  and  the  anterior  poriferous  zones  of  the  antero-latcral  ambulacra ; 
and  this  part  is  keeled.  The  postero-lateral  interradia  are  also  narrow  at  the  apical 
system,  and  are  formed  there  into  a  long  but  narrow  keel ;  this  expands  rapidly 
into  the  general  convexity  of  the  test  beyond  the  limits  of  the  ambulacra.  The 
posterior  interradium  is  very  faintly  keeled  between  the  ambulacra,  and  it  rises 
gradually  to  a  point  rather  posterior  to  them ;  it  slopes  on  either  side  to  the  line  of 
the  continuation  of  the  ambulacra,  and  posteriorly  more  sharply,  and  is  rounded  off  just 
above  the  periproct.  The  plastron  is  long,  narrow,  pointed,  and  lowest  posteriorly,  is 
generally  convex  from  side  to  side,  and  the  lip  on  the  anterior  end  is  slightly  prolonged 
downwards. 

The  peristome  is  small,  much  the  longest  transversely,  has  a  rim,  and  is  round  at 
the  sides.  The  periproct  is  elliptical  and  broader  transversely  than  from  above  down- 
wards ;  there  is  a  very  faint  flattening  just  below  it. 

The  fasciole  is  well  developed  and  is  peripetalous.  It  is  broad,  and  marked  with 
many  rows  of  gran  ides  at  the  end  of  the  antero-latcral  petals;  it  passes  thence  back- 
wards slightly,  and  then  turns  towards  the  apical  system,  running  nearly  parallel 
with  the  antcro-lateral  petals  for  a  short  space ;  then  it  crosses  over,  not  going  far 
into  the  angle  between  the  petals,  narrows  considerably,  and  passes  backwards  and 
inwards  to  reach  the  distal  end  of  the  posterior  petals.  It  enlarges  as  it  bounds 
their  end,  and  then  crosses  over  the  keel,  narrowing  and  having  a  slight  convexity 
backwards.  In  front,  the  fasciole  starts  from  the  end  of  the  antero-latcral  petals, 
narrows  and  mounts  the  keel  on  the  outside  of  the  odd  ambulacrum,  taking  a  direction 
forwards  and  inwards ;  still  narrowing,  it  passes  forwards,  but  witli  a  less  inward  course, 
aud  crosses  the  median  line  with  a  sharp  curve,  enlarging  again  there,  the  convexity 
being  forwards;  this  part  of  the  fasciole  is  slender,  and  is  much  nearer  the  ambitus 
than  the  apical  system. 

The  ornamentation  is  remarkable  for  its  variation  in  size  and  detail.  Posteriorly 
the  ornamentation  is  small,  and  consists  of  very  small  tubercles  witli  still  smaller  ones 
between  them;  they  are  crowded,  and  give  a  granulated  appearance.  This  orna- 
mentation increases  in  size  and  definition  on  the  sides  towards  the  fore  part  of  the 
postero-lateral  interradia ;  and  the  tubercles  are  seen  to  be  surrounded  by  a  row  of 
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smaller  ones,  or  they  merge  into  a  raised  rim  around.  In  the  antcro-lateral  region  this 
ornamentation  is  still  larger  and  more  pronounced  ;  but  along  the  line  of  the  odd 
ambulacrum,  over  the  ambitus,  the  tubercles  become  smaller  and  rarer,  and  moniliform 
circlets  of  minute  tubercles  are  seen.  The  tuberculation  is  large  and  distinct  on  the 
keel  between  the  postero-lateral  ambulacra  and  on  the  transverse  keel  beyond  the 
generative  pores ;  it  is  also  largo  on  the  inner  slope  of  the  keels  of  the  anterior  odd 
ambulacrum,  and  it  is  largest  and  sparest  of  all  below  the  ambitus  in  front  of  and  at 
the  sides  of  the  peristome.  The  posterior  ambulacra,  actinally,  are  marked  with  an 
ornamentation  of  long  and  radiating  moniliform  lines  of  granules ;  and  the  plastrom 
between  them  has  its  ornamentation  of  rounded  tubercles  on  flat  scrobicules,  small 
posteriorly  and  large  in  front;  and  the  lines  of  tubercles  seem  to  radiate  from  the 
posterior  keel-end. 

Height  of  specimens.  Length. 

inch.  l^j  inch. 

A    >»  A 
l'u    n  11 

The  largest  specimen  is  ^70  inch  broad.  Some  forms  are  slightly  broader  in  front 
than  others;  and  rarely  there  is  an  impression  of  the  groove  at  the  ambitus  in  front. 
The  young  forms  arc  more  globular  than  the  older  ones, 

lAH-alities.  In  the  Ranikot  series,  north  by  east  of  Petiani  (Survey-number 
G  fSS);  hills  east  of  Lynyan,  from  brown  limestone  (G  and  Q  ?2?);  east  of 
Kandaira,  in  Vero  plain  (<i  \  \%)  and  Jhirak  (Survey-number  G  |5"s). 

Remarks.  We  are  unacquainted  with  any  species  for  which  the  present  form 
might  be  mistaken.  It  is  especially  distinguished  by  the  elongate  test,  the  egg-shaped 
and  regularly  rounded  marginal  contour,  and  the  characters  of  the  petals  and  apical 
disk. 

Illustrations  of  the  Species  in  Plate  XIX. 
Fig.  7.  Upper  view  :  natural  size. 

8.  Actinal  surface  :  natural  size. 

9.  The  apical  system  :  magnified. 

10.  The  longitudinal  outline:  natural  size. 

11.  Ornamentation  on  the  anterior  keel :  magnified. 

12'1 

13.  Outlines  of  young  forms:  natural  size. 
H.J 

15.  Test,  from  behind:  natural  size. 

2.  Hkmiastkr,  sp. 

Then  is  a  single  small  example  of  what  was  probably  a  llemiaster  in  the 
collection;  but  the  test  is  unfortunately  so  much  crushed,  weathered,  and  badly 
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preserved  as  to  be  perfectly  undeterminable.  From  such  characters  as  can  be  made 
out,  the  form  was  possibly  idtntiial  with,  or  at  any  lute  uearly  allied  to,  //.  digunus, 
d'Archiac. 

As  this  form  is  very  abundant  in  a  higher  horizon,  it  is  unnecessary  to  refer  to  the 
species  at  greater  length  in  the  present  place ;  and  the  sjH'timcn  is  so  unsatisfactory 
that  we  should  not  have  mentioned  it,  excepting  for  the  interest  which  attaches  to  it 
as  a  probable  record  of  the  presence  of  that  secies  in  tin:  Ranikot  series. 

Locality.  North  by  east  of  Petiani,  west  of  Kotri,  Kanikot  series.  Survey- 
number  G  553. 

Genus  L1XTHIA,  Mtriuit,  1853. 
(Sw  ant,?,,  p.  17.  part  i.) 

1.  Fi.vrillA  I.VDK  A,  sp.  now,  and  a  variety.    Plate  XX,  Figs.  1-8. 

The  test  is  broadly  oval,  depressed,  with  an  angular  outline,  notched  in  front, 
narrowed  and  truncated  behind.  It  is  widest  just  behind  the  centre,  and  the  marginal 
outline  is  wider  and  more  rounded  in  front  than  behind.  The  apical  surface  slopes  in 
front  from  a  low,  rounded,  sharp,  narrow  keel,  which  separates  the  posterior  ambulacra 
and  overhangs  the  pcripmct,  the  highest  point  being  behind  the  posterior  ambulacra. 
The  aetinal  surface  is  slightly  rounded  and  convex  ;  and  there  is  a  downward-projecting 
posterior  point  to  the  plastron.  A  front  view  of  the  test  shows  the  tumid  and  some- 
what nodulose  margins  or  flanks,  the  anterior  groove  for  the  odd  ambulacrum  keeled 
on  either  side  near  the  apical  system,  and  behind  it  the  sharp  narrow  triangular  outline 
of  the  keel  of  the  posterior  interradium. 

The  apical  system  is  slightly  in  frout  of  the  centre,  ia  small,  and  is  placed  on  a 
depressed  area  formed  by  the  junction  of  the  raised  posterior  keel,  the  narrow  keels  of 
the  lateral  interradial  areas,  and  the  keels  of  the  anterior  odd  ambulacrum. 

There  are  four  generative  pores,  and  the  anterior  and  posterior  pairs  are 
rather  dose  together ;  the  anterior  pair  of  pores  are  much  closer  than  the  posterior 
pair,  w  Inch  are  wide  apart.  The  right  anterior  plate  is  in  relation  with  the  uiadre- 
poric  body,  which  separates  the  posterior  pair  of  plates  widely,  and  which  passes 
slightly  backwards  and  separates  the  posterior  ocular  plates.  The  anterior  generative 
pores  are  on  a  line  with  the  ocular  pores  of  the  odd  and  antero-lateral  ambulacra,  and 
the  posterior  ocular  pores  are  on  a  line  with  the  auterior  and  posterior  generative  pores. 

The  peristome  is  rather  close  to  the  anterior  margin,  and  the  periproct  is  high  up 
in  the  posterior  truncation. 

The  groove  for  the  anterior  odd  ambulacrum  is  rather  deep,  and  becomes  shallower 
and  broader  towards  the  margin,  which  it  notches  decidedly;  it  is  continued  more  or 
less  on  to  the  i>cristome. 

A  few  sets  of  pairs  of  pores  are  on  the  flanks  of  the  groove,  and  the  twelfth  pair 
arc  crossed  by  the  fasciole.  Each  pair  is  in  a  shallow  hollow,  and  the  pores  are  oblique 
and  separated  by  a  granulation. 
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The  anterolateral  ambulacra  arc  long,  on  rather  deep  grooves,  faintly  flexuous, 
rounded,  and  nearly  closed  where  the  fasciole  bounds  them,  and  narrow  apically.  The 
anterior  poriferous  zone  is  on  the  flank  of  the  groove,  the  narrow  or  interporiferous 
zone  is  on  the  floor,  and  the  posterior  poriferous  zone  on  the  other  flank,  and,  like  its 
fellow,  is  steeper  near  the  apical  system  than  in  the  outer  third.  The  pairs  of  pores 
arc  separated  by  granular  costte ;  and  there  arc  from  20  to  'I'l  pairs  of  pores.  The  angle 
formed  by  the  diverging  ambulacra  is  about  110°-115°. 

The  posterior  lateral  ambulacra  are  small,  petaloid,  close,  separated  by  a  narrow 
keel,  rather  deep,  nearly  closed,  rounded  where  in  contact  with  the  fasciole,  and  the 
outer  poriferous  scries  is  more  curved  than  the  inner.  There  are  from  14  to  10  pairs  of 
pores.    Their  grooves  are  comparatively  shallow. 

The  interradial  areas  are  narrowed  at  the  apex,  and  form  moderately  elevated, 
narrow,  rounded  keels,  ornamented  with  a  few  distant  tubercles.  On  the  flanks  the 
plates  have  a  slight  bulge ;  and  thus  a  series  of  longitudinal  elevations  is  formed, 
rendering  the  test  slightly  gibbose. 

The  ornamentation  is  largest  in  the  anterior  interradium,  and  especially  on  the 
margins,  and  it  becomes  larger  and  sparer  near  the  peristome.  It  is  smaller  in  the 
lateral  interradia,  behind  a  narrow  line  of  minute  granulations  resembling  a  fasciole, 
which  passes  along  the  surface  of  the  extrapetaloid  part  of  the  anterolateral 
nmbnlacra.  The  ornamentation  consists  of  low  rounded  tubercles  or  faintly  rounded 
scrobicules.  The  surface  around  the  peristome  is  free  from  ornamentation ;  and  the 
plastron  hns  a  large  ornamentation  in  regular  oblique  rows,  which  diminishes  towards 
the  posterior  point. 

The  peristome  is  broader  than  long,  is  narrow  from  behind  forwards,  rounded  at 
the  outer  angles,  and  is  on  the  whole  slightly  curved  and  crescentic.  The  posterior  lip 
is  on  a  lower  level  than  the  anterior  edge  ;  the  whole  edge  has  a  rounded-off  rim.  The 
ambnlacral  pores  are  scanty  in  number. 

The  periproct  is  oval,  longitudinal,  high  up,  and  is  in  the  posterior  truncation, 
which  is  slightly  hollowed  out  and  bounded  by  faint  ridges  which  enclose  an  oral 
space  and  pass  over  the  margin  to  unite  at  the  point  of  the  plastron. 

The  peripetalons  fasciole  is  in  relation  with  the  gibbous  swelling  of  the  plates  along 
its  course.  It  is  broad  at  the  rounded  ends  of  the  antcro-laternl  petals,  and  passes  for- 
wards and  inwards  as  a  narrower  band  to  a  gibbosity  on  the  keel  of  the  odd  ambulacrum, 
over  which  it  passes  with  a  bend,  the  convexity  forwards,  not  far  from  the  margin. 
Behind,  the  fasciole  passes  along  the  edge  of  the  end  of  the  antcro-latcral  ambulacra, 
backwards  ami  inwards  to  a  gibbosity,  and  then  enters  the  angle,  passing  close  to  the 
commencement  of  the  narrow  keel  of  the  lateral  interradium.  Thence  it  reaches  the 
anterior  edge  of  the  posterior  petal,  which  it  bounds ;  turning  round  the  termination 
of  the  petal,  it  crosses  directly  over  the  narrow  posterior  keel  to  the  other  side,  and 
pursues  a  corresponding  course.  The  fasciole  is  broadest  close  to  the  outer  part  of  the 
antero-latcral  ambulacra,  and  is  narrow  elsewhere. 

The  lateral  fasciole  is  very  narrow  ;  it  starts  from  the  gibbosity  behind  the  outer 
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part  of  the  anterolateral  ambulacrum,  which  is  marked  with  the  peripetalous  fasciole, 
and  passes  backwards  and  downwards  to  reach  the  lower  part  of  the  truncation  close 
to  the  margin  of  the  test,  which  it  crosses  with  a  downward  curve. 

There  are  many  specimens  of  this  Liiithin  in  the  collection  from  the  Kanikot 
series :  some  have  been  slightly  crushed ;  others  (w  hich  are  younger)  have  not.  There 
appear  to  be  two  forms — that  which  lias  just  been  described,  and  a  smaller.  These 
last  have  a  more  globose  and  less  depressed  appearance  ;  but  in  all  the  other  points 
they  correspond  with  the  first. 


Lentil  of  tho  type  »pcditH-ii».  Breadth.  Height. 

}„  inch.  \l  inch.  JUJ  inch, 

ali     >>  Jo     "  io  » 

iS    >»  \u  >» 

lj'i     n  1  n 

i  ii     «  1  u 


J  2 
•ill 

I  i 

•s 
il 


Length  of  .-[H-oirat'ii  of  viirivty.  Biwulll.  Height. 

\%  inch.  \l  inch.  i;}  inch. 

Jj*    „       not  quite  >J    „  J*  „ 

Locality.  North-east  of  Hand  Yero,  Kanikot  series.  Survey-number  G 


Ill ust rat iimx  of  (he  Species  in  Plate  XX. 

Fig.  1.  Actinal  view. 

2.  Side  view. 

3.  Apical  system  :  magnified. 

4.  Side  view  of  variety. 

5.  lig.  1  from  above, 
(i.  Posterior  view. 

7.  Young  form :  side  view. 

8.  Posterior  view. 

Remarks.  \Ye  were  at  first  disposed  to  refer  this  form  to  the  Linthia  Arizrtisis, 
d'Archiae,  sp. ;  but  a  careful  study  of  the  specimens  contained  in  the  collection  has 
convinced  us  that  the  differences  are  greater  than  would  justify  us  in  maintaining  such 
a  conclusion.  The  outline  of  the  test  is  broader,  more  angular,  and  with  prominent 
gibbosities ;  the  posterior  height  is  much  greater,  the  anterior  slope  is  more  rapid,  the 
posterior  sloping  truncation  is  eoncavely  impressed  ;  the  ambulacra  are  in  much  deeper 
grooves;  the  anterior  petals  are  wider  and  more  rounded  at  their  distal  extremities,  and 
the  posterior  pair  are  directed  more  backward  and  consequently  at  a  smaller  angle  of 
separation  ;  on  the  actinal  surface  the  plastron  is  broud  aud  well  tuberculatcd,  and  the 
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bare  ambulacra]  areas  arc  comparatively  narrow ;  and,  finally,  (he  peristome  is  situated 
further  from  the  margin. 

In  the  variety  (Hate  XX,  Fig.  4)  the  resemblance  to  L.  Arizensis  is  still  closer, 
excepting  that  the  height  of  the  test  is  greater  and  more  tumid,  and  the  actinal  surface 
is  also  more .  tumid,  the  ambulacra  are  less  deeply  sunken,  and  the  posterior  pair  are 
comparatively  a  shade  longer  than  in  the  type.  This  form  is  unquestionably  the  repre- 
sentative of  L.  Arizensis  in  the  Ranikot  strata. 

This  Lint/iia  is  distinguished  from  L.  Simlensis,  Duncan  and  Sladen*,  from  below 
the  Trap,  in  the  angle  made  by  the  autero-lateral  ambulacra,  the  size  of  the  posterior 
ambulacra,  and  the  position  of  the  peripetalous  fasciole.  There  is  also  a  grent  distinc- 
tion in  consequence  of  the  difference  in  the  position  of  the  apical  system. 

The  older  form  has  wider-apart  antcro-lateral  ambulacra  than  the  species  Indica, 
and  it  has  the  apical  system  well  in  front  of  the  centre.  This  is  not  the  case  in  the 
Ranikot  form,  which,  in  the  position  of  the  apical  system,  resembles  somewhat  the 
Schizasters. 

Linthia  Intlica  is  an  approach  to  the  genns  Siltizasttr ;  and  had  it  a  more  attenuated 
posterior  part,  and  the  antero-lateral  ambulacra  closer  to  the  anterior,  and  the  pores 
crowded  in  the  odd  ambulacrum,  it  would  be  a  ScHitaster, 

2.  Li.vrnu,  sp.    Hate  XX,  Fig.  9. 

A  specimen  much  worn  on  the  upper  surface,  and  nearly  entirely  destroyed 
actinally,  is  in  the  collection  from  the  Ranikot  series.  There  are  some  points  about 
the  form  which  ally  it  with  some  of  the  large  Numinulitic  Linthias;  but  until  better 
specimens  are  obtained  it  is  not  necessary  or  advisable  to  give  it  a  specific  name, 
especially  as  it  has  considerable  affinities  in  some  points  with  Linthia  Delanouei,  of 
L)e  Loriol,  from  the  Nummulitic  of  Egypt. 

The  shape  of  the  outline  of  the  test  is  eordiform,  about  as  long  as  broad,  slightly 
broadest  in  front,  with  a  slanting  rostrum  posteriorly.  The  apical  system  is  nearly 
central  from  the  poriproct  to  the  slight  anterior  notch,  but  eccentric  in  front  from  the 
lower  end  of  the  rostrum  to  the  same  position  in  frout. 

The  anterior  groove  is  moderately  deep  near  the  apical  system,  and  broader  and 
shallower  towards  the  front,  where  it  faintly  notches  the  ambitus.  The  pores  in  it  are 
small,  separate  in  piirs,  with  a  rounded  costal  elevation  between  each  pair  on  the  slope 
of  the  side  of  the  groove.  There  are  about  20  pairs  of  pores ;  and  the  pores  of  each 
pair  arc  separated  by  a  small  tubercle. 

The  antero-lateral  petals  are  large,  long,  deep,  and  straight ;  they  arc  broadest  on 
the  outer  third ;  and  the  anterior  poriferous  zone  is  more  curved  than  the  posterior, 
which  is  slightly  the  shortest.  The  pores  are  numerous,  are  on  the  vertical  sides  of  the 
ambulacra,  are  large,  very  conjugate,  aud  separated  by  wide  ridges;  they  are  smallest 
near  the  ocular  plate.    There  are  about  40  pairs  in  the  anterior  poriferous  zone,  which 

•  Bee  Plate  IV.  Tart  I.  EchiuoitU  from  the  infra-Trap. 
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measures  21  millim.  in  length.  The  interporiferous  zone  is  broad,  and  occupies  nearly 
the  whole  breadth  of  the  floor  of  the  groove ;  it  is  narrower  than  a  poriferous  zone. 
The  angle  made  by  the  anterolateral  ambulacra  is  120'. 

The  postero-latc-ral  ambulacra,  lu  millim.  in  length,  are  straight,  ovate-lanceolate, 
deep  and  narrow,  form  au  angle  of  about  5-ja;  and  their  pairs  of  pores  (about  30  in 
number)  are  large,  placed  on  the  nearly  vertical  sides  of  the  groove,  and  are  separated 
by  wide  costal  projections.  The  interporiferous  zone  is  large,  and  occupies  the  surface 
of  the  ground-floor. 

The  apical  system  is  broken,  and  nothing  satisfactory  can  be  made  out  about  the 
number  of  the  plates  and  pores  ;  but,  from  the  large  size  of  a  posterior  poro  and  the 
very  narrow  ridge  of  the  anterior  interambulacrum,  it  is  probable  that  there  were  only 
one  pair  of  generative  pores. 

The  anterior  interradials  have  sharp  keels,  very  narrow  near  the  apex ;  and  the 
plates  near  the  ambitus  are  nodulose.  The  keel  of  the  lateral  interambulacrum  is  broad 
and  not  very  high,  and  that  between  the  posterior  petals  is  broad  and  enlarges  posteriorly. 
The  posterior  part  of  this  interradial  area  is  truncated,  and  forms  an  oval  slightly  re- 
entering surface,  high  up  in  which  is  the  large  ovoid  periproct.  Faint  traces  of  a  peri- 
pctalous  fasciole  exist,  which  passes  fur  in  front  over  the  ambulacrum,  and  which  does 
not  enter  far  between  the  petals.  The  ornamentation  is  scanty,  and  consists  of  small 
flat  tubercles  in  slightly  sunken  scrobiculcs  surrounded  by  circlets  of  miliaries.  The 
ornamentation  is  larger  and  scantier  in  front  and  beneath  anteriorly.  The  tubercles  are 
perforate  ami  crenulated  and  weathered. 

The  height  of  the  test  is  uuknown  ;  the  length  is  2t\  inches,  and  the  breadth  on 
a  level  with  the  apical  disk  is  the  same. 

locality.  North-cast  of  Hand  Yero,  in  the  Ranikot  series.    Survey-number  G 

Ilhist  ration  of  the  Species  in  Plate  XX. 
Fig.  9.  The  test,  from  above :  natural  size. 

Genus  SCIIIZASTER,  Agassiz,  1830. 

Test  cordiform,  more  or  less  inflated,  high  posteriorly  and  sloping  to  the  front. 

Apical  system  eccentric  posteriorly,  often  to  a  considerable  degree. 

Ambulacra  petaloid,  unequal,  sunken  in  deep  grooves.  The  anterior  pair  flexuous, 
directed  to  the  front,  and  not  very  widely  divergent;  the  posterior  pair  very  short  and 
slightly  arched  proximally.  Poriferous  zones  equal,  pores  oblong  and  conjugate.  The 
odd  ambulacrum  sunken  in  a  deep  wide  furrow,  of  which  the  margins  form  keels ;  its 
poriferous  zones  are  long  and  composed  of  numerous  pores,  which  may  be  disposed  in 
crowded  pairs  forming  a  simple  scries,  or  the  pores  may  be  so  crowded  as  to  form  two 
irregular  series  in  each  zone. 
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Peristome  eccentric  in  front,  bilabiate,  the  inferior  lip  very  prominent. 
Pcriproct  oval,  at  the  summit  of  the  posterior  extremity. 

Two  fascioles,  a  peripetalous  and  a  lateral,  the  latter  diverging  from  near  the 
extremities  of  the  anterior  ambulacra  and  passing  beneath  the  pcriproct. 

Tubercles  perforate,  crenulate,  small  and  crowded  on  the  abactinal  surface,  but 
larger  beneath  the  ambitus.  The  tubercles  are  not  sunken  in  scrobicules,  but  are  sur- 
rounded by  a  small  prominent  disk. 

1.  Scwzaster  alveolatus,  sp.  nov.    Plate  XX,  Figs.  10-14. 

There  is  a  crushed  specimen  of  Schizaster  in  the  collection  of  Echinoidea  from  the 
Ranikot  series,  which  has  much  of  the  abactinal  surface,  flanks,  and  posterior  parts 
preserved,  and  which  is  deficient  in  the  actinal  region.  It  is  of  a  brown  colour ;  and  the 
anterior  odd  ambulacrum  and  the  left  antero-lateral  petal  are  tilled  with  matrix  and 
more  or  less  fragmentary  small  spines ;  and  the  crushing  has  forced  the  apical  end  of 
the  anterior  interambulacra  downwards  and  has  obliterated  the  apical  system.  Aetiuully, 
the  broken  test  is  filled  with  brown  matrix  with  Nummulites  in  it.  At  first  sight  the 
form  resembles  Schizaster  Xewboldi,  d'Archiac  &  tlaime,  as  delineated  in  the  '  Animanx 
Fossiles  de  l'lnde;'  but  when  compared  with  the  types  of  that  species,  which  are  pre- 
served in  the  Museum  of  the  Geological  Society,  it  will  be  noticed  that  there  arc  si>ecific 
distinctions,  especially  in  the  relative  length  of  the  ambulacra  and  the  number  of  pairs 
of  pores  in  them.  Moreover  the  condition  of  the  specimens  of  S.  XrteMdi  really 
prevents  them  from  being  of  real  value.  It  appears  also  that  one  of  the  three  types 
thus  named  is  not  of  the  same  species,  or  possibly  not  of  the  same  genus,  as  the  others. 

The  general  shape  is  tumid,  largest  posteriorly,  highest  just  behind  the  apical 
system,  sloping  gradually  in  frout  and  rapidly  down  the  truncated  posterior  portion 
to  a  sharp  point  of  the  convex  and  semi-keeled  plastron.  The  test  has  its  greatest 
breadth  slightly  behind  the  apical  system. 

The  apical  system  is  slightly  posterior  ;  its  details  are  invisible.  It  is  small  and  is 
placed  on  a  depressed  area  between  the  sharp  suddeuly-rising  anterior  keels,  the  broader 
but  still  higher  and  less  decided  narrow  ridges  of  the  lateral  interradials,  ami  the  slightly 
narrower  and  more  pronounced  keel  between  the  postero-lateral  ambulacra. 

The  anterior  groove  is  large,  deep,  broad,  excavated  at  the  sides,  which  are  high 
within  the  fasciole,  flat  nearly  on  its  floor;  it  becomes  bioader  and  shallower  towards 
the  margin,  which  is  moderately  notched,  and  the  groove  persists  slightly  to  the  peri- 
stome. The  pairs  of  pores  are  placed  partly  on  the  sides  of  the  groove  and  partly  on 
the  floor — one  pore  (the  outer  and  larger)  being  at  the  junction  of  the  side  and  floor, 
and  the  inner  and  smaller  obliquely  in  front  of  the  other  and  on  the  floor.  Each  pair 
of  pores,  of  which  there  are  about  15  visible,  is  separated  from  its  neighbours  by  a 
broad  costal  elevation,  and  each  pore  is  separated  from  its  fellow  by  a  broad  tubercle. 
The  ornamentation  of  the  floor  of  the  groove  is  not  seen,  except  in  the  form  of  a  few 
very  minute  granules  near  the  apical  region. 

The  antero-lateral  ambulacra  arc  deep,  slightly  sinuous,  rounded  at  the  extremity, 
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which  flares  outwards  slightly,  narrowest  and  shallowest  near  the  apical  system. 
The  sides  of  the  groove  are  nearly  perpendicular  in  the  midst  of  the  petal,  and  they 
slope  at  the  distal  and  become  shallow  at  the  proximal  end.  The  interporiferous  zone 
is  well  market!  and  broad,  but  it  is  not  as  broad  as  one  of  the  poriferous  zones.  These 
are  unequal,  the  anterior  being  the  longest  and  curving  outwards  and  slightly  backwards 
to  nearly  meet  the  straighter  posterior  zone,  where  the  fasciole  closes  the  petal.  The 
pairs  of  pores  are  small  and  close  together  near  the  ocular  plate  ;  and  there  are  about 
7  small  pairs  in  the  posterior  zones,  and  10  in  the  anterior  before  the  considerable 
enlargement  of  the  pores  commences  to  be  seen.  The  pairs  then  increase  rapidly  in 
size,  are  placed  nearly  vertically,  are  wide  apart,  large,  and  are  separated  by  broad 
costie  ornamented  with  a  linear  ridge.  There  are  about  '26  large  and  small  pairs  of 
pores  in  the  anterior  zone.  The  angle  formed  by  these  ambulacra  is  rather  less 
than  !K>°. 

The  postero-lateral  ambulacra  arc  about  half  the  length  of  the  antero-lateral,  are 
much  narrower,  shallower,  and  form  a  much  smaller  angle.  They  are  rather  close, 
being  separated  by  a  keel,  are  deep,  petaliform,  rather  rounded  at  the  end,  and  widest  at 
the  junction  of  the  first  and  second  thirds  of  their  length.  The  interporiferous  zone  is 
moderately  broad,  but  it  has  not  the  breadth  of  one  of  the  poriferous  zones ;  and  these 
are  on  the  nearly  vertical  side  of  the  ambulacra.  The  pairs  of  pores  are  small  and 
close  near  the  ocular  plate,  and  elsewhere  are  wide  apart  and  lar^e  and  separated  by  a 
ridge  on  a  costa  with  or  without  granules.  There  arc  about  1">  large  and  small  pairs 
of  pores  in  the  poriferous  zones. 

The  interradial  areas  have  the  plates  well  marked,  and  they  are  usually  pibbose, 
so  that  the  vertical  lines  of  suturing  are  somewhat  depressed.  The  anterior  rise  as 
sharp  keels  on  either  side  of  the  odd  ambulacrum,  and  they  become  narrow  and 
suddenly  slope  backwards  and  downwards  in  front  of  the  line  of  the  apical  system.  On 
either  side,  externally,  the  keel  slopes  suddenly  to  the  margin  of  the  antero-lateral 
ambulacra ;  and  in  front  the  keels  become  wider  apart,  broader,  and  lower  where  the 
fasciole  crosses.  Beyond  that  spot  the  test  swells  out  on  either  side,  being  faintly 
notched  along  the  median  line.  The  lateral  interradials  arc  narrowed  and  broadly 
keeled  near  the  apex  and  are  tumid  along  the  plates,  where  there  are  globosities. 

There  is  a  sharp,  convex,  rather  broad  keel  between  the  posterior  ambulacra,  which 
broadens  out  and  becomes  lower  posteriorly,  and  it  merges  into  an  oval  surface  more  or 
less  truncated,  on  the  upper  part  of  which  is  a  large  ovoid  periproct. 

The  peripetalous  fasciole  is  broad  at  the  terminations  of  the  antero-lateral 
ambulacra ;  it  passes  backwards  and  inw  ards  to  a  nodule  on  a  plate  about  halfway 
between  the  end  of  the  ambulacra  and  the  most  projecting  part  of  the  keel  of  the 
lateral  interradium  near  the  apical  system.  This  part  is  narrow,  and  becomes  small 
near  the  nodule.  A  small  portion  of  test  is  betweeu  the  fasciole  and  the  posterior 
poriferous  zone.  Then  the  fasciole,  diminished  in  size,  reaches  the  projection  on  the 
keel,  and  thus  is  well  within  the  space  between  the  petals.  Still  narrowing,  it  reaches 
the  edge  of  the  posterior  ambulacra  at  their  outer  third,  passes  round  the  end  of  the 
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petal,  and  crosses?  directly  over  the  keel  to  the  other  side.  In  front,  the  broad  fasciole 
at  the  end  of  the  antero-latcral  ambulacra  passes  forwards  inwards,  mounting  the  flanks 
of  the  keel  of  the  odd  ambulacrum  to  a  gibbosity,  and  becomes  narrower  just  before 
reaching  this.  Thence  it  passes  forwards,  widening,  and  then  diminishing  to  a  point  on 
the  top  of  the  keel  well  forward  and  in  front  of  the  first  visible  pairs  of  pores.  It  crosses 
the  floor  of  the  groove  in  an  arched  form,  convexity  forwards.  The  structure  is  that  of 
exceedingly  minute  granules. 

The  lateral  fasciole  is  very  narrow,  and  starts  from  the  gibbosity  posterior  to  the 
antero-lateral  petals  and  about  halfway  between  their  ends.  It  passes  obliquely 
backwards  and  downwards,  and  reaches  the  margin  below  the  truncation  for  the  peri- 
proct.    Curving  downwards  around,  it  meets  its  fellow  of  the  opposite  side. 

The  ornamentation  is  remarkable.  It  consists  at  the  ambitus  on  either  side  of 
the  anterior  groove  of  a  few  lurge  tubercles  on  one  side  of  a  nearly  circular  and  some- 
what imbricating  raised  scrobicule.  A  few  miliaries  exist  on  the  test,  where  there 
are  no  scrobieules.  Towards  the  groove  and  above,  the  tubercles  are  closer  and 
smaller,  and  they  become  smaller  and  closer  on  the  keel  and  its  slopes,  the  smallest 
being  near  the  apical  system. 

On  the  flanks  of  the  test  in  the  anterior  interradinm  the  tuberculation  is  larger 
than  on  the  keel,  and  it  is  comparatively  wanting  along  the  sutures  and  along  the 
continuation  of  the  petaloid  ambulacral  plates. 

Externally  and  on  the  flanks  of  the  test  the  ornamentation  is  at  first  small  and 
close,  and  then  it  gradually  increases  in  size  and  sparseness.  A  medium-sized  tubercu- 
lation, rather  close,  covers  the  posterior  iuterradial.  The  tubercles  are  rather  low  and 
squat,  but  they  have  small  mamelons  and  are  perforate  and  creuulate.  In  some 
places  there  are  circlets  of,  or  irregularly-placed  miliaries  ;  and  the  scrobieules  sometimes 
arc  broken  up,  as  it  were,  into  circlets  of  miliaries.  On  the  inner  slope  of  the  keels 
of  the  anterior  intcrradials  the  tubercles  arc  rather  larger  and  scarcer  than  just  on  the 
outer  slope  ;  but  they  are  largest  nearest  the  pores,  and  become  smaller  in  front. 

The  length  of  the  specimen  is  1-,^,  inch,  the  breadth  is  l-,7tf  inch. 

Locality.  Gari-wari  Gorge,  on  the  road  from  Badha  to  Lynyan,  in  the  Uanikot 
series.    Survey-number  G 

Illustrations  of  the  Species  in  Plate  XX. 
Fig.  10.  The  test,  from  above. 

11.  The  test,  from  behind. 

12.  Ornamentation  near  the  ambulacra :  magnified. 

13.  An  antero-lateral  petal :  magnified. 

14.  The  apical  system,  from  a  specimen  from  Kach :  magnified.  Possibly 

closely  allied,  but  not  of  the  same  species. 

There  is  considerable  resemblance  between  this  form  and  several  species  of 
Schizaster.  The  shape  of  the  details  of  the  upper  surface  cause  it  to  resemble  somewhat 
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<S'.  d'Urlani  (Forbes),  of  the  Barton  series  of  Alum  Bay.  It  has  considerable  affinities 
with  8.  ofriranus,  dc  Loriol,  from  the  Xutnmulitic  of  Egypt.  But  the  whole  of  the 
test  not  being  accessible,  it  is  impossible  to  do  otherwise  than  state  that  the  form 
belongs  to  the  Schizastcrs  with  deep  and  keeled  anterior  grooves,  deep  and  sinuous 
antero-latcral  ambulacra,  and  small  posterior  petals  and  only  two  generative  pores.  There 
is  a  Schizaater  from  Kach  which  is  allied  to  this  form ;  but  there  are  specific  distinc- 
tions. But  as  it  is  probable  that  the  Ranikot  species  had  only  two  generative  pores,  we 
reproduce,  with  considerable  hesitation,  however,  the  details  of  the  form  from  Kach. 


Genus  PBEXASTER,  Deior,  1853. 
Test  tumid,  ovoid,  regularly  rounded  in  front,  truncate  behind. 
Apical  system  very  eccentric  in  front. 

Ambulacra  subpetuluid,  narrow,  almost  straight ;  the  anterior  pair  widely  divergent, 
almost  transverse,  placed  in  very  faint  grooves,  opeu  at  the  extremities.  The  odd 
ambulacrum  is  scarcely  visible,  and  nearly  flush  with  the  surface  of  the  test,  there  being 
no  anterior  goove. 

Peristome  bilabiate,  inferior  lip  prominent. 

Periproct  oval,  at  the  summit  of  the  posterior  extremity. 

Two  fascioles,  a  peripetalous  and  a  marginal.  The  peripetalous  fasciole  is  incom- 
plete and  wanting  in  front,  not  extending  beyond  the  point  of  junction  with  the  mar- 
ginal fasciole.  Ihis  latter  completely  surrounds  the  test,  dipping  far  down  in  frout 
(sometimes  so  much  as  to  appear  on  the  actinal  surface),  and  passing  posteriorly  below 
the  periproct. 

Tubercles  are  small  and  inconspicuous,  perforate,  crenulate,  sunken  in  scro- 
bicules. 

1.  Pukxaster  oviformis,  sp.  nov.    Plate  XIX,  Figs.  1-0. 

The  test  is  subovoid,  long,  tumid,  rounded  in  front,  at  the  sides,  and  above,  and 
truncated  behind.  It  is  longer  than  broad  and  broader  than  high,  and  is  highest  cen- 
trally, and  the  slope  is  sharpest  anteriorly.    Below,  the  surface  is  convex. 

The  apical  system  is  eccentric  in  front,  and  the  peristome  also.  The  periproct  is 
close  to  the  top  of  the  posterior  truncation,  which  merges  superiorly  into  a  projecting 
point. 

The  apical  system  is  small ;  and  there  arc  four  generative  pores,  the  posterior  pair 
being  rather  the  widest  apart.  The  madreporic  disk,  in  connexion  with  the  right  ante- 
rior plate,  passes  backwards,  separating  the  posterior  lateral  generative  plates,  also  sepa- 
rating the  ocular  plates  of  the  posterior  lateral  ambulacra  in  a  very  slight  degree. 

The  ocular  pores  are  small  but  distinct,  and  are  at  the  bottom  of  minute  hollows 
in  their  plates. 

There  is  no  anterior  groove  ;  and  the  very  minute  series  of  pores  of  the  odd  ambu- 
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lacrum  are  separated  by  a  slight,  flat,  low  ridge,  which  is  narrow  close  to  the  apical 
system,  and  enlarges  to  the  ambitus.  The  ornamentation  of  this  wedge-shaped,  trian- 
gular, and  slightly  elevated  ridge  is  smaller  than  that  of  the  intcrradials  on  either  side. 
On  its  flanks  and  looking  upwards  and  outwards  are  the  pairs  of  pores  of  each  pori- 
ferous series.  They  are  very  small,  oblique,  and  in  slight  hollows  ;  a  minute  tubercle 
intervenes  between  the  pores  of  each  pair,  whilst  the  pairs  are  separated  by  a  ring  of 
miliaries. 

The  pores  cease  before  the  position  of  the  fasciole  is  attained  ;  and  a  few  are  visible 
close  to  the  mouth. 

The  anterior  lateral  ambulacra  arc  long,  slender,  narrow,  crooked,  nearly  flush  with 
the  test  (so  slight  is  their  groove),  open  at  the  end,  and  nearly  transverse  (so  great  is  their 
open  angle).  Each  ambulacrum  has  a  decided  curvature,  the  concavity  being  directed 
forwards  in  the  outer  half,  and  posteriorly  near  the  apical  system. 

The  interporiferous  space  is  very  narrow  ;  and  the  posterior  poriferous  zone  is  slightly 
larger  than  the  anterior.  The  pores  in  the  anterior  poriferous  zones  arc  smaller  than 
those  of  the  posterior,  are  very  slightly  elongate  in  outline  ;  those  of  the  posterior  zone 
are  unequal  in  size ;  the  row  nearest  the  interporiferous  zone  consists  of  smaller  and 
circular  or  faintly  oval  or  elliptical  pores,  whilst  the  posterior  row  contains  larger 
pores  which  arc  elongate  ellipses.  The  pores  are  conjugato  and  well  separated ;  the 
cross-banding  has  a  row  of  miliaries  on  it.  There  are  about  26  pairs  of  pores,  and 
those  nearest  the  apical  system  are  very  small  in  proportion  to  the  others. 

The  posterior  ambulacra,  slightly  shorter  than  the  anterolateral,  form  an  acute 
angle  with  each  other,  arc  in  a  slight  groove,  which  is  much  more  decided  than  that 
of  the  others,  are  closed  at  the  end,  where  they  are  in  contact  with  a  fasciole, 
and  are  straight.  Narrower  than  the  anterior  lateral,  the  posterior  ambulacra  have 
smaller  pores,  which  are  circular,  oval,  and  elongate  in  outline.  At  the  peristome 
the  lateral  and  posterior  ambulacra  are  represented  by  large  wide-apnrt  pores,  and  they 
crowd  out  the  posterior  lateral  interradial  areas  1  and  4  from  the  margin  of  the 
peristome. 

The  anterior  intcrradials  are  rounded  off ;  and  there  is  a  faint  elevation  in  the 
angle  formed  by  the  ambulacra  at  the  apical  system  ;  a  rounded  low  keel  is  on  the 
lateral  interradials ;  and  the  posterior  one  has  a  convex  surface  above,  which  is  narrowed 
near  the  apical  system.  Posteriorly,  the  odd  interradial  slopes  slightly  to  the  rear,  and 
then  is  truncated,  its  direction  being  nearly  vertical ;  but  there  is  a  slope  backwards  to 
the  margin.  This  part  is  broad,  has  a  very  faint  vertical  groove  below  the  periproct  ; 
and  this  is  large,  widely  open,  and  nearly  circular  or  elongate  in  outline. 

Actinally,  the  interradials  are  convex,  and  the  posterior  has  a  well-developed  plas- 
tron between  the  long  narrow  anterior  ambulacra.  It  has  a  broad  low  central  keel 
reaching  from  the  posterior  projecting  point  forwards  to  the  month,  where  it  readies  down- 
wards slightly,  and  forms  the  base  of  the  hind  lip.  The  plastron  has  an  ornamentation 
of  very  regular  hexagonal  spaces,  bounded  by  raised  margins  (the  united  scrobicular 
raised  edges),  environing  a  flat  areola,  on  which,  nearest  one  end,  is  a  boss  and  mamelon, 
which  is  faintly  perforate  and  crenulate. 
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The  peristome  is  small,  has  a  wry  decided  posterior  lip,  which  is  on  a  lower  plane 
than  the  rest,  and  the  opening  is  broader  than  long.  The  grooves  of  the  ambulacra  arc 
tolerably  developed  there. 

The  lateral  fasciole  is  narrow,  and  slopes  forwards  and  downwards  oh  the  flanks, 
close  to  the  part  of  greatest  bulging,  so  as  to  reach  the  front,  below  the  ambitus,  and 
about  midway  between  the  mouth  and  the  most  projecting  part  of  the  anterior  region 
of  the  test.  It  crosses  over  in  front  of  the  peristome  to  become  continuous  with  that 
of  the  other  side.  Posteriorly  this  fasciole  suddenly  dips  below  the  periproct  in  a  down- 
ward curve,  and  passes  to  the  opposite  side.    It  is  slightly  narrowest  posteriorly. 

The  incomplete  peripetalous  fasciole  crosses  the  posterior  interradial  space,  with 
a  faint  backward  curve  on  a  line  with  the  ends  of  the  posterior  ambulacra.  It  closes 
their  ends  and  then  passes  forwards,  then  curves  suddenly  downwards  remote  from  the 
anterolateral  ambulacra,  to  join  the  lateral  fasciole.  It  is  a  narrow  band,  and  is  of  the 
same  breadth  as  the  hinder  part  of  the  lateral  fasciole. 

Thus  the  anterolateral  ambulacra  are  remote  from  the  fascioles. 

The  test  is  profusely  ornamented  with  a  small  tuberculatum  of  different  sizes. 
The  smallest  tubercles,  situated  within  a  raised  margin  in  which  they  are  sunken,  are  in 
the  posterior  and  postero-lateral  interradials  above.  This  kind  is  also  seen  below; 
but  the  larger  is  observed  below  and  especially  on  the  plastron.  In  front  of  the 
descending  part  of  the  peripetalous  fasciole,  the  raised  margins  are  formed  by  aggre- 
gations of  niiliaries,  and  a  larger  and  rounder  scrobicule  results  with  a  well-deve- 
loped boss  and  mainelon.  This  larger  ornamentation  is  common  over  the  front,  except 
along  the  line  of  the  anterior  odd  ambulacrum,  and  it  la  very  decided  inferiorly  and  near 
the  peristome.  The  posterior  ambulacra  actinally  and  at  the  edge  of  the  plastron  have 
an  ornamentation  of  circular  minute  pits. 

Remarks.  This  species  presents  some  resemblance  to  P.  Dcsori,  Cotteau,  which  is 
perhaps  its  neare-t  ally  ;  but  it  differs  from  the  Pyrenean  species  by  its  more  elliptical 
form  and  its  relatively  greater  disproportion  of  length  to  breadth.  The  test  of  the 
Sindian  specimen  is  comparatively  less  high,  and  the  truncation  of  the  posterior  extre- 
mity slopes  downwards  and  outwards  from  the  dorsal  area.  The  structure  of  the 
antcro-lateral  ambulacra  separates  the  form  from  Agassizia. 

Length  1  inch,  breadth      inch,  height  ,7,;  inch. 

Locality.  North-east  of  Pctiani,  Kanikot  >eries.    Survey-number  (»  ff$* 

Illustrations  of  (hi-  Species  in  Plate  XIX. 

Pig.  1.  View  from  above:  natural  size. 

2.  Actual  surface :  natural  size. 

3.  Side  view :  natural  size. 

4.  Posterior  view  :  natural  size. 

5.  Part  of  the  odd  anterior  ambulacrum  and  ornamentation  :  magnified. 
C.  Part  of  an  anlero-lateral  ambulacrum :  magnified. 
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Genus  METALIA,  Gray. 
1.  Metalia  Sowerbyi,  d'Archiac,  sp. 

Brissopsia  Sowerbyi,  <rArcJiiac  (1S50),  Ilist.  da  proyres  de  la  Giol.  t.  iii.  p.  251. 

Bri*sop»i«(?)  Sowerbyi,  <rArthiac  $  Ilaime  (1S53),  Amm.fau.  dt  VM',  p.  220,  pi.  it.  fig.  7  a,  b. 

A  single  example  of  this  form,  in  very  bad  preservation,  occurs  amongst  the 
Kanikot  Echinoidea.  The  condition  of  the  specimen  is  most  unsatisfactory,  all 
structure  and  detail  having  been  destroyed  by  weathering;  and  we  are  only  able 
to  determine  the  species  by  comparison  with  a  large  series  of  perfectly  preserved 
specimens  from  the  Khirthar  strata,  which  are  identical  with  MM.  d'Archiac  and 
Haime'8  badly-presorved  type  specimen  in  the  collection  of  the  Geological  Society  of 
London.  Further  remarks  on  this  species  are  deferred  until  the  description  of  the 
Khirthar  series;  but  we  may,  however,  mention  in  conclusion  that  MM.  Desor, 
dc  Loriol,  and  other  writers  have  been  misled,  by  the  incorrect  drawing  of  the  form  in 
the  '  Animaux  fossilcs  dc  lTnde,'  in  placing  the  species  under  Prenaster. 

Locality.  North  by  east  of  Petiani,  west  of  Kotri,  Ranikot  series.  Survey- 
number  G  f  |  J. 

IV.  Remarks  on  the  Genera  and  Species  in  the  Ranikot  Series. 

There  are  41  species  and  1  variety  in  this  fauna.  The  species  Rhynchopygus 
Caldeyi,  d'Archiac,  sp.,  mentioned  also,  was  probably  placed  accidentally  in  this  series 
by  the  collectors. 

The  number  of  species  of  regular  Echini  in  the  series,  admitting  the  distinctness 
of  those  forms  which,  although  they  can  be  differentiated  from  their  congeners,  are  not 
sufficiently  well  preserved  to  be  defined  specifically,  is  considerable.  There  are  17 
species  and  one  variety.  There  are  two  species  of  true  Cidaris  and  three  of  Phylla- 
cant  hits  (Rhaidocidaris).  Moreover  an  examination  of  the  spines  found  in  the  beds 
indicates  the  former  presence  of  Porocidaris.  The  species  of  Cidaris  from  below  the 
Trap  is  not  represented  in  the  Ranikot  beds ;  and  none  of  the  Cidaridtc  of  these 
deposits  pass  upwards  into  the  Khirthar  scries. 

One  species  of  the  genus  Salenia,  characterized,  however,  by  the  presence  of  an 
optic  plate  within  the  anal  ring  (almost  an  exceptional  condition  in  the  fossil  species)  is 
represented  by  several  specimens*.  It  has  also  a  peculiarity  about  the  ambulacral 
pores.    The  genus  is  not  represented  in  the  other  Nummulitic  strata  of  India. 

The  Cyphosoma,  a  common  form,  has  the  peculiarity  of  having  the  tubercles  of  the 
interradial  areas  larger  than  those  of  the  ambulacra.    But  this  is  the  only  exception  to 

•  See  optic  pUtee  in  two  «pecies  figured  by  Cotteau,  Pcron,  and  Gauthier,  Eeh.  tfoss.  Alger.  Ease.  5. 
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the  usual  generic  attributes.  Another  species,  not  sufficiently  well  preserved  to  be 
diagnosed,  is  normal  in  respect  of  the  uniform  size  of  the  tubercles. 

The  new  genus  Acanthechinua  is  not  without  alliances  with  Stirechinua,  a  Miocene 
or  Pliocene  form  from  the  Sicilian  Tertiaries;  and  the  singular  genera  Eurypneuatea  and 
jEolopneuatea  are  unique,  although  they  clearly  represent  such  genera  as  Micropsia  and 
Orthopia,  which  are  common  in  other  Nummulitic  faunas.  But  the  generic  distinctions 
are  very  evident. 

The  most  interesting  forms  of  the  Echinoidea  in  the  collection  are  those  which 
must  be  temporarily  classified  amongst  the  Teiunopleurida?.  The  apical  system  and 
ornamentation  of  the  Dirtyopleuri  separate  them  from  Temnechinua  and  Temnopleurua. 
The  ornamentation  recalls  that  of  Glyphocyphua  and  Temnechinua  lineatua,  Duncan,  of 
the  Australian  Cainozoic  strata.  It  greatly  resembles  that  of  the  forms  classified  by 
d'Archiac  and  Haime  under  the  genus  Tnnnopleurua,  they  not  being  Temnoplettricm 
account  of  the  absence  of  true  pits  at  the  angles  of  their  sutures.  They  have  not  the 
apical  system  perfect ;  and  we  range  them  in  our  genus  biciyopleurua  provisionally, 
trusting  to  obtain  perfect  specimens  from  higher  horizons. 

With  regard  to  Arochniopleurua,  it  has  a  considerable  range  in  space,  as  we  have 
seen  specimens  collected  in  Persia  and  also  in  Kach.  Probably  Paradoxechinua  of 
l^aube,  from  the  Australian  Cainozoic  (Tertiary),  links  our  Dictyoplcurua  to  Arachnio- 
pleurua. None  of  the;*;  forms  have  the  true  Temnopleurid  penetration  and  undermining 
of  the  test;  in  fact,  they  have  greater  alliances  with  Glyphocyphna  than  with  Temno- 
pleurua; but  the  apical  system  of  Glyphocypliua  differs.  Neither  in  the  Egyptian  nor 
European  Nummulitic  areas  have  these  remarkably  ornamented  genera  been  distin- 
guished ;  and  Glyphocyphna  belongs  to  the  Uppcr-Oreensand  age. 

With  regard  to  the  form  Frogonechinua  Eocenicua,  we  have  with  some  hesitation 
placed  it  amongst  the  Temnopleurida; ;  its  position  in  the  family  depends  on  the  normal 
nature  of  the  cavities  which  exist  at  the  angles  of  the  sutures.  The  ornamentation  is 
totally  different  from  any  known  genus,  however. 

With  regard  to  the  forms  usually  classified  under  the  genus  Conoclypeua  by  palae- 
ontologists, it  must  be  remembered  that  Zittel  ('  Handbuch  der  Paliiontologie,'  vol.  i. 
p.  515)  has  proved  that  Conoclypcua  cono'uleua,  Lamarck,  has  auricles  and  jaws,  and 
that  de  Loriol  has  shown  ('  Eehinides  de  l'Kgypte,"  p.  76  et  acq.)  that  several  other 
so  called  species  of  Conoclypeua  have  not  jaws.  The  possession  of  jaws  is  generic,  and 
it  is  accompanied  by  an  absence  of  phyllodes,  or  doubling  of  the  ambulacral  pores  near 
the  peristome.  On  the  other  hand  the  absence  of  jaws  and  the  presence  of  a  phyllode 
take  the  species  out  of  the  genus  Conoclypeua.  Some  of  the  species  formerly  classified 
with  the  genus  Conoclypeua  will  now,  on  account  of  their  having  a  phyllode,  small 
bourrelets,  and  no  jaws,  be  placed  as  a  new  genus,  Phylloclypeus,  de  Loriol.  Others 
are  species  of  Echinolampaa  according  to  de  Loriol,  such,  for  instance,  as  Conoclypeua 
Oairia,  Desor,  from  Egypt. 

The  new  forms  from  Sind  are  readily  distinguishable  from  the  Egyptian  types 
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published  by  do  Loriol,  and  from  those  described  by  d'Archiac  and  Haime  from 
Sind. 

Conoclypeus  declicis  is  not  without  its  alliances  with  Conoclypeus  subcampana-i- 
formis,  Bittner,  from  the  Eocene  of  the  Istrio-Dalmatian  area. 

The  portion  of  a  test  which  shows  a  phyllode,  on  Plate  XII,  Fig.  8,  came  from  a 
Conoclypcoid-looking  test.  But  there  are  evidently  additional  or  intercalated  plates 
in  the  ambulacrum  ;  and  the  pores  penetrate  through  them,  and  are  not  simply  in  the 
line  of  the  sutures.  The  specimen  does  not  appear  to  belong  to  the  genus  Echinolampas ; 
and  we  introduce  it  into  de  Loriol's  new  genus  Fhyl/oc/ypeus. 

Probably  Phylloclypeus  will  eventually  be  admitted  to  be  a  subgenus  of  Echino- 
iampas.  At  present  we  associate  it  with  the  Echinolampintc  as  a  subfamily  of  Cassi- 
dulidsc. 

The  genus  Plesiolampas  has  one  species  in  the  strata  below  the  Trap,  or  in  the 
Cardita-Beaumonti  beds  (Plesiolampas  elongata,  nobis) ;  and  there  are  five  well-marked 
species  in  the  Ranikot  scries.  There  are  none  in  the  higher  horizon  of  the  Khirthar 
series,  nor  are  any  species  amongst  the  collections  from  Kach.  There  are  no  forms 
resembling  any  of  the  genus  in  the  collections  of  d'Archiac  and  Haime,  nor,  in  fact, 
in  any  others. 

The  numerous  specimens  in  a  good  state  of  preservation  and  of  different  stages  of 
growth  have  enabled  us  to  give  the  minute  details  of  the  test  in  young  and  old  speci- 
mens. There  are  certainly  no  jaws,  and  the  phyllode  is  rudimentary.  The  inequality 
of  the  length  of  the  poriferous  zones  is  found  in  the  young  forms  only ;  and  the  peri- 
proct  becomes  more  totally  inframarginal  and  longitudinally  elongate  with  age. 

The  genus  does  not  appear  to  be  represented  elsewhere  than  in  Sind  and  (excepting 
the  solitary  species  below  the  Trap)  in  the  Ranikot  scries,  of  which  it  is  charac- 
teristic. 

MM.  d'Archiac  and  Haime  described  a  Cassidulid  under  the  name  of  Eurhodia 
Calderi,  but  could  give  no  satisfactory  account  of  its  geological  horizon.  The  type  in 
the  collection  of  the  Geological  Society  of  I/ondon  is  not  in  good  condition ;  and  a 
specimen  amongst  those  from  the  Ranikot  group  is  in  a  moderately  good  state  of  pre- 
servation. But  the  collectors  doubted  the  finding  the  specimen  in  situ  ;  and  on  referring 
to  the  Khirthar  series,  which  overlies  the  Ranikot,  we  find  amongst  the  specimens 
derived  from  it  numerous  forms  presenting  the  same  kind  of  colour  and  mineralization. 
The  form  may  or  may  not  belong  to  the  Ranikot  scries,  and  we  enter  it  with  doubt. 
It  is  a  Bhynchopygus,  however,  and  not  a  Eurhodia.  We  fail  to  see  that  the  type  of 
Eurhodia  Calderi  in  the  collection  of  the  Geological  Society  is  a  Eurhodia ;  it  is  a 
Bhynchopygus. 

The  Bhynchopygus  pygmarus  might  be  at  first  sight  taken  for  a  young  B.  Calderi  ; 
but  it  is  not  so.  It  differs  from  the  Egyptian  forms  described  by  de  Loriol ;  and  from 
its  mineralization  there  is  no  doubt  about  its  being  a  true  Ranikot  form. 

A  species  of  Cassidulus  is  amongst  the  Ranikot  series ;  and  the  specimens  show  the 
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beautiful  floscelle  and  the  posterior  median  line  of  cribriform  structure.  The  posterior 
development  of  the  test  separates  the  species  from  all  others  of  the  genus. 

The  genus  Paralampas  recalls  parts  of  the  generic  distinctions  of  both  Rhynchopygus 
and  Catopygus.  The  forms  included  within  it  are  very  perplexing  in  a  classificatory 
sense ;  and,  much  as  we  regret  having  to  devote  a  new  generic  title  to  them,  we  do  not 
consider  that  they  can  be  associated  with  any  genus  of  the  Caasidulids  hitherto  de- 
scribed. The  remarkable  peristome  and  its  associated  simple  floscelle,  the  shape  of  the 
test,  the  shape  and  position  of  the  periproct,  the  absence  of  the  median  pitted  line  on 
the  coucave  actinal  surface,  the  small  petidoid  ambulacral  rosette  with  equal  pores, 
and  the  homogeneous  nature  of  the  ornamentation  of  the  actinal  tuberculation  are  very 
distinctive. 

Another  Catopygian  alliance  is  seen  in  the  remarkable  forms  which  are  included 
in  the  genus  Neocatopygus.  The  shape  of  the  test,  the  small  ambulacral  rosette,  the 
single  series  of  the  extrapetalous  pores,  and  the  character  of  the  floscelle  separate  the 
genus  very  well  from  the  Catopygus  of  Mesozoic  age. 

It  is  very  remarkable  that  the  only  representative  of  the  genus  Erhinanthut  (Brey- 
nius)  found  in  tho  Ranikot  scries  should  be  a  very  anomalous  one.  The  shape  of  the 
test,  the  highest  part  being  eccentric  in  front,  and  the  dwarfed  anterior  odd  ambulacrum 
are  very  characteristic. 

The  genus  Eolampas  has  an  aborted  anterior  odd  ambulacral  petal,  an  anterior 
position  of  the  apical  system,  and  an  open  peristome  with  a  very  faint  floscelle.  It 
occurs  also  in  the  Khirthar  series,  which  overlies  the  Ranikot  group  of  strata.  It  might 
be  said  to  represent  the  genus  Echinolampaa  in  the  Ranikot  series  ;  but  no  true  species 
of  this  genus  are  found  therein,  although  they  predominate  in  the  higher  groups. 

The  number  of  specimens  of  Eurhodia  Morrisi,  d'Archiac  and  Huime,  sent  to  us 
renders  it  probable  that  it  is  a  very  common  species.  It  is  characteristic  of  the  Ranikot 
series.  The  magnificent  floscelle,  the  dimensions  of  the  test,  and  the  curious  inequality 
of  the  breadth  of  the  poriferous  zones  of  the  ambulacra  cause  the  form  to  be  very  readily 
recognized.  For  such  a  large  form  the  small  size  of  the  ambulacra  is  remarkable ; 
but  they  are  placed  well  forward.  As  the  specimens  now  iu  the  possession  of  the 
Geological  Survey  of  India  are  far  more  perfect  than  those  which  were  described  by 
MM.  d'Archiac  and  llaime,it  has  been  necessary  toredescribe  the  species  to  a  certain 
extent. 

There  is  no  doubt  about  the  presence  of  a  fine  Prenaster  in  the  Ranikot  series. 
The  antero-lateral  ambulacra  have  both  of  their  poriferous  zones  developed ;  so 
the  form  cannot  come  within  the  genus  Agassizia.  The  nearest  alliance  of  the  form 
is  with  Prenaster  Lesori,  Cotteau ;  but  there  are  good  specific  differences  between 
them. 

A  well-defined  species  of  Hemiaster  and  a  very  doubtful  one  are  in  the  collection. 
The  shape  of  Hemiaster  elongatus,  which  is  a  very  common  fossil,  is  remarkable ;  and 
its  structural  details  separate  it  from  others.    The  presence  of  only  two  generative  pores 
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situated  on  mamelons,  and  the  fact  that  the  madreporic  body  passes  backwards  and 
separates  the  ocular  plates,  make  the  form  to  look  much  more  modern  than  the  Num- 
mulitic. 

There  are  two  species  of  the  genus  Linthia  in  the  Ranikot  series.  One  ia  allied  to 
Linthia  Arizensis,  d'Archiac,  sp.,  which  is  found  in  the  Nummulitic  of  Egypt  and 
Europe ;  but  it  is  well  separated  from  the  Linthia  found  in  tho  strata  beneath  the  Trap, 
in  the  Cardita-Beaumonti  beds.  The  other  Linthia  is  a  large  form  not  specifically 
distinguishable,  on  account  of  the  weathering  of  the  specimen.  Its  nearest  ally  appears 
to  be  Linthia  JJelanouei,  de  Iyoriol,  from  Egypt. 

A  Schizaster  is  found  in  the  Ranikot  series,  the  description  and  identification  of 
which  have  given  much  trouble.  The  specimen  is  solitary  and  is  crushed  ;  but  some 
parts  of  the  structure  remain  in  great  perfection.  As  it  is  a  very  striking  form,  we 
have  described  it,  more  for  the  sake  of  field-geologists  who  may  take  up  the  study  of 
the  Ranikot  series  in  detail,  than  for  the  sake  of  the  advanced  palaeontologist.  One 
of  our  difficulties  was  produced  by  the  wretched  condition  of  the  type  of  Schizaster 
Newholdi,  D'Archiac  and  llaime.  It  is  really  a  worthless  species.  Tho  form  under 
consideration  has  some  resemblance  to  Schizaster  Africanus,  de  Loriol,  from  Egypt. 

Finally,  there  is  an  ill-preserved  specimen  of  the  genus  Metalia.  It  may  be  the 
Brissopsis  Sotcerbyi,  d'Archiac  and  Haime. 

There  is  no  doubt  that  this  fauna  of  Echinoidea  is  a  remarkably  isolated  one. 
It  has  no  form  that  can  be  satisfactorily  and  decidedly  stated  to  be  identical  with  any 
European  or  American  species.  The  alliance  with  the  Egyptian  Nummulitic  Edmund 
fauna  is  of  the  slightest  description.  There  are  no  species  common  to  this  fauna  and 
that  of  the  strata  on  the  same  area  beneath  the  Trap  which  covers  the  Cardita- 
Beaumonti  beds,  and  there  are  no  species  common  to  the  Ranikot  series  and  the 
Upper  Cretaceous  beds  of  Southern  India. 

Making  due  allowance  for  errors  in  collecting  specimens,  the  community  of 
species  between  the  Ranikot  and  overlying  Khirthar  series  is  very  small,  and  no  form 
passes  up  to  the  Nari  group. 

The  grouping  of  the  genera  of  Echinoidea  of  the  Ranikot  series  is  interesting,  and 
it  becomes  all  the  more  important  in  the  attempt  to  define  the  geological  horizon  of 
this  great  vertical  mass  of  Nummulite-bearing  beds,  which,  however,  are  clearly  beneath 
the  main  Nummulitic  limestone  of  the  superincumbent  and  unconformable  Khirthar 
series.  In  the  Ranikot  fauna  there  are  41  species  and  a  variety ;  and  in  the  whole  of 
the  Echinoidcan  fauna  from  the  Nummulitic  strata  of  Egypt  de  Loriol  notices  42 
species.  In  this  corresponding  number  of  species  none  arc  identical,  and  the  affinities 
(of  two)  are  very  slight.  The  generic  assemblage  of  the  Ranikot  series  differs,  moreover, 
from  the  Egyptian.  It  contains  a  greater  number  of  regular  Echini ;  and  only  the 
following  genera  are  common  to  both  areas — Forocidaris,  Conoclypeus,  Rhynchopygus, 
Tlemiarfer,  Linthia,  and  Schizaster.  The  great  mass  of  the  characteristic  genera  of  the 
Ranikot  sc  ries  are  not  found  in  the  Egyptian  area ;  and,  vice  versa,  the  important  genera 
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of  the  Egyptian  Nummulitic  are  not  found  in  the  Ranikot  series,  or  are  sparsely  repre- 
sented in  species. 

Thus  the  genera  Salenia,  Cyphosoma,  Acanthechimts,  the  Temnopleuridae,  the  genera 
Euryjmeuatea  and  AZolopnettstes,  Phylloclypew,  Plesiolampas,  Echinanthus,  Eolampas, 
Paralampas,  Cassidulus,  Eurhodia,  Xeocatopygns,  Prenaster,  and  Metalia  (in  all  18 
genera  of  the  Ranikot  series  out  of  its  26  genera)  are  not  found  in  Egypt. 

The  Egyptian  fauna  is  rich  in  species  of  Echinolampas  and  Macroprmustea,  Jlemi- 
spatangus  and  Eu.tpatangus.  It  contains  the  well-known  genera  Conoclypeus,  Ambly- 
pygus,  Orthopsis,  Micropsia,  Sisnwndia,  and  Echinocyamtis ;  and  there  is  a  fine  group 
of  Schizastcrs  and  Linthias.  There  are  two  Linthias  in  the  Ranikot  series  and  a 
Schizaster ;  but  all  the  above-mentioned  genera  are  absent. 

The  generic  distribution  in  the  two  areas,  although  plainly  Eoccnic,  is  very  different. 
The  absence  of  the  genera  Ec/iinolamj)as  and  Amftlypygus  in  the  Ranikot  series  is  very 
suggestive,  especially  as  they  appear  in  the  succeeding  Khirthar  group. 

The  position  of  the  Egyptian  beds,  or  the  Mokattam  scries,  which  have  yielded  the 
Echinoidea  is  stated  by  de  Lor  ml  to  be  on  the  horizon  of  San  Giovanni  llarione  in 
the  Vicentin,  and  of  the  Eocene  of  the  Canton  de  Schwytz.  These  arc  the  equivalents 
of  the  Calcaire  grossier  of  Paris.  But  the  succession  of  beds  in  Egypt  appears  to  be, 
from  the  results  of  the  works  of  Fraas,  Zittel,  d'Archiac,  and  Delanoueas  follows : — 
On  the  top,  beds  with  Ostrea  Jtabe/lula,  and  below  it  the  shale  containing  the  Echi- 
noidea described  by  de  Loriol.  Still  lower  are  beds  with  Atruria  ziczac,  and  of  the 
age  of  the  London  Clay.  Zittel  has  discovered  under  the  Mokattam  series,  which  he 
considers  Lower  Nummulitic,  a  series  which  he  calls  the  Libyan  ;  and  it  includes  the 
Atruria-ziczac  horizon.    It  rests  on  Cretaceous  sandstones. 

Are  the  Ranikot  beds  of  the  same  geological  age  as  the  Mokattam  series,  or  do  they 
belong  to  Zittel's  inferior  stage,  which  would  seem  to  range  through  the  age  from  the 
Chalk  to  the  London  Clay  inclusive  1  The  homotaxis  of  the  genera  of  the  Kanikot 
series  is  not  that  of  the  Mokattam  age  ;  and  this  last  has  greater  affinities,  so  far  as  its 
distribution  of  genera  is  concerned,  with  the  Khirthar  strata  above  the  Ranikot  series. 

The  Fossil  Corals  of  the  Ranikot  series  were  shown  to  belong  to  50  species 
('  Fossil  Corals  and  Alcyonaria  of  Western  Sind,'  Palawnt.  Indica,  scries  xiv.  p.  38), 
and  that  only  7  of  these  were  identical  with  European  species  from  the  zones  of 
Xummutites  planulatus  and  Cerithium  giganieum.  It  is  a  remarkable  fact  that  the 
Nummulitic  Echini  of  Kach  have  greater  affinities  with  the  Egyptian  fauna  than  with 
that  of  Ranikot,  and  the  genus  Echinolampas  predominates  with  Macropneusies. 

Laube  and  Dames  have  given  the  data  for  comparing  the  fauna  of  Echinoidea  of 
the  Vicentin  Eocene.  In  the  lowest  deposits  of  Monte  Postalc  and  Monte  Spilccco  there 
are  two  genera,  Cyclaster  and  Caelopleurus,  and  also  Echinolampas,  which  are  not  found 
in  the  Ranikot,  but  which  are  in  abundance  in  higher  horizons  in  Sind.  At  San  Giovanni 
llarione  there  are  the  genera  Cidaris,  Porocidaris,  Cyphosoma,  Pyrina,  Echinocyamus, 
Amblypygua,  Nucleolites,  Pygorhynchus,  Hariona,  Echinolampas,  Oviclypeus,  Conoclypeus, 
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Cyclaster,  Linthia,  Schizaster,  Pericosmus,  Premster,  Metalia,  Gualteria,  Peripneustes, 
and  Euspatangus. 

Bittner  described  some  of  the  Echinoideu  of  the  older  tertiaries  of  Vicenza  and 
Verona  in  1S80-1S81  •,  and  mentions  the  genera  Cidaris  (Leiocidaris),  Leiopedina, 
Ceratomus,  Cassidulus,  Echinanthus,  Pygorhynchus,  Ilariona,  Echinolampas,  Conoely- 
peus,  Hemiaster,  Linthia,  Schizaster,  Pericosmus,  I*renaster,  Parabrissus,  Toxobrissus, 
Peripneustes,  Lovenia. 

The  Eocene  strata  of  Istria  and  Dalniatia  have  had  their  Echinoid  fauna  studied  and 
admirably  described  and  illustrated  byTaramelli  and  Bitt  nerf .  The  fauna  is  tabulated 
by  Hittner,  who  finds  the  following  genera  represented  : — Cidaris  {Leiocidaris),  Poro- 
cidaris,  Pseudodiadema,  Ca/opleurus,  Cyphosoma,  Micropsia,  Echinocyamus,  Caratomus, 
Amblypygus,  Xucleolitea,  Echinanthus,  Pygorhynchus,  Echinolampas,  Conoclypeus, 
Cyclaster,  Hemiaster,  Linthia,  Schizaster,  Pericosmus,  Prenaster,  Gualteria,  Macro- 
pneustes,  Peripneustes,  Euspatangus. 

The  principal  genera,  or  those  affording  the  greatest  number  of  species,  are  Cidaris, 
Echinanthus,  Echinolampas,  Linthia,  and  Schizaster.  There  are  no  less  than  twelve 
species  of  Echinolampas.    This  does  not  resemble  the  Ranikot  fauna. 

The  Etage  Montien  (the  inferior  Eocene  of  Belgium)  contains  two  species  of  Cidaris, 
Goniopygus  minor,  Cassidulus  elonyatus,  Echinanthus  Corneti,  and  Linthia  Houzeaui. 
Above  this  horizon,  in  the  Landenian,  come  Holaster,  JTemiaster,  and  Schizaster,  with 
Ostna  bellovacina,  and  still  higher,  in  the  Ypresien  superieur,  with  Turbinolia  sulcata 
and  Nummulites  plamilatus,  the  genera  Maretia,  Schizaster,  Scutellina,  and  Cidaris. 
In  the  higher  horizon  with  Xummulites  laevigata,  the  genus  Echinolampas  comes  in, 
with  Echinocyamus,  Lenita,  and  Spatangus. 

In  the  London  Clay  the  genera  are  Cidaris,  Echinus,  Echinopsis,  Calopleurus, 
Spatangus,  Jlemiaster,  Euspatangus,  and  Schizaster. 

It  is  hopeless,  after  studying  these  details,  to  give  the  Ranikot  scries  any  definite 
equivalency.  The  indefinite  Cretaceous  facies  of  part  of  the  Ranikot  and  sub-Trap 
faunas,  and  the  absence  of  very  distinctive  Lower  Eocene  genera  of  European  or  African 
types  in  them,  would  seem  to  place  the  series  lower  than  the  Mokattam  group  and  the 
fossilifcrous  Eocenes  of  Kach.  At  the  same  time  the  evidence  given  by  the  corals  indi- 
cates a  moderate  alliance  with  the  fauna  of  the  lowest  Nummulitic  age  of  Europe  and 
a  possibly  greater  antiquity.  It  must  be  remembered  that  the  Ranikot  series  is  beneath 
the  great  development  of  Nummulitic  limestone  which  occurs  in  the  superincumbent 
and  unconformable  Khirthar  series.  It  appears  that  there  is  some  alliance  between 
the  Ranikot  series  of  Echinoidea  and  those  from  the  Cainozoic  (Miocene  ?)  of  Australia 
(Duncan,  Quart.  Journ.  Geol.  Soc.  vol.  xxxiii.  p.  42) ;  but  it  is  of  the  slightest  description. 
There  is  little  to  be  said  regarding  the  affinities  of  the  Echinoidea  of  the  Arrialoor  or 

•  Beitrage  tur  Pal.  von  Oestenvich-Ungarn  (Wien,  18*1),  Bd.  i.  Heft  % 

t  Taramelli,  'Atli  del  Beale  Istituto  Veneto,'  1S73-74,  t  iii.ser.  4,  p.i»6l  ;  Bittner,  '  Beitnige  «ur  PtL 
von  Ocatcrroii-h-Ungsrii'  (Wien,  l!>:*0),  Bd.  i.  Heft  1. 
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Upper  Chalk  of  the  south  of  Hindostan  and  those  of  the  deposits  ahovc  the  Cretaceous 
in  Sind.  Yet  there  is  a  slight  Cretaceous  facie*  in  the  Ranikot  Echinoid  fauna  j  but 
the  pakeontological  break  is  still  vast.  From  our  present  knowledge,  then,  the  Ranikot 
series  is  the  lowest  in  the  Nummulitic  group,  and  its  fauna  is  a  very  special  one.  The 
series  is  older  than  the  Kach,  Egyptian,  and  Southern  Alpine  groups  of  Echinoid- 
bearing  strata ;  and  these  are  more  on  the  horizon  of  the  succeeding  Khirthar  series. 


Position  of  the  Fossil  Echinoidea. 

The  species  which  were  described  in  the  first  part  of  this  Monograph,  pages  7-20, 
were  collected  in  strata  containing  Cardita  Beaumonti  and  the  Corals  described  in  the 
4  Palaeontologia  Indica,'  ser.  xiv.  1880. 

A  trap  covers  the  Cardita-Beaumonti  strata;  and  hence  the  specimens  have  been 
occasionally  stated  to  have  come  "  from  beneath  the  Trap."  But  it  appears  that  a  second 
trap  (and  possibly  a  third)  exists  in  relation  to  these  strata  (see  '  Memoirs  of  the 
Geological  Survey  of  India,'  vol.  xvii.  pt  1,  "  The  Geology  of  Western  Sind,"  by 
W.  T.  B  lanford,  F.R.S.,  pages  129-134). 

The  feet  that  a  great  depth  of  6trata,  not  of  marine  origin,  overlies  the  Cardita- 
Beaumonti  series,  which  in  turn  are  overlain  by  the  fossiliferous  strata  of  the  Ranikot 
series,  suffices  to  distinguish  the  age  and  position  of  the  two  sets  of  Echinoidea. 
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PLATE  V. 


Figure  1.  Cn.ui:-.  tip.  (page  25).    Ad  iuterradial  plate,  magnified. 

2.  A  section  of  a  plate,  magnified. 

3.  A  portion  of  an  ambulacrum,  magnified. 

4.  Phyllaca.nthus,  «p.  (page  28).    Part  of  a  test,  natural  aizc. 

5.  A  plate,  magnified. 

6.  Cidaris  Vrrkeuili,  D'Archiac  and  Haime  (page  26).    A  plate,  natural  size. 

7.  A  plate,  magnified. 

8.  A  section  of  a  plate. 

9.  Phvllacantiiits  Ranikoti,  Duncan  and  Sladcu  (page  27).    The  plates,  natural  aizc. 
10.  An  iuterradial  plate,  with  a  portion  of  an  ambulacrum,  magnified. 

U.  Phyixacanthub  Sindensis,  Duncan  and  Sladen  (page  27).    A  part  of  the  teat,  natural 

12.  A  portion,  magnified. 
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PLATE  VI. 

Figure  1.  Salknia  Blantokdi,  Duncan  and  Sladcn  (page  29),    The  test,  side  view,  natural  si»c. 

2.  The  apical  system  and  upper  surface  of  the  test,  magnified. 

3.  A  larger  specimen  showing  the  actinal  surface,  slightly  magnified. 

4.  The  abactinal  surface,  magnified. 

G.  A  portion  of  an  ambulacrum,  magnified. 

7.  Three  plates  in  the  interradium  with  tubercles,  magnified. 

K.  A  young  specimen,  magnified. 
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PLATE  VII. 


Figure  1.  CrPHOROMA  abxohmale,  Duncan  and  S laden  (page  32).    The  side  view  of  a  large 
specimen,  natural  size. 

2.  The  abactinal  surface,  slightly  magnified. 

3.  A  small  specimen,  magnified  2  diameter*. 

4.  An  ambulacrum  of  the  large  specimen  (Fig.  1),  magnified. 

5.  Interradial  tubercles  and  pores  of  the  smaller  specimen  (Figure  3),  near  the  ambitus, 

fi.  The  poriferous  zone  and  the  adjoining  ambulacral  and  interradial  plates  near  the 
peristome  of  the  larger  specimen,  magnified. 

7.  An  interradial  tubercle  and  plate  of  the  large  specimen,  magnified. 

8.  A  young  specimen,  natural  size. 

9.  The  poriferous  zone  and  adjoining  ambulacral  and  interradial  plates  of  Figure  8, 

magnified. 
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PLATE  VIII. 


Figure  1.  Acaxt  iteciiixcs  xoni  uisus,  Duncan  and  Sladcu  (page  34).    The  test,  natural  size. 

2.  Ambulacral  and  intcrradial  plates  near  the  ambitus,  magnified. 

3.  A  primary  tubercle,  magnified. 

I.  Euhyi-xeistes  niuxnis,  Duncan  and  Sladcn  (page  M3).  Fragment  of  the  test,  natural  size. 
5.  Ambulacra)  and  intrramhulacral  plates,  magnified. 

(!.  .Kolopx-fustes  t>e  Lohiuli,  Duncan  and  Sladcn  (page  18).    Actiual  view  of  the  specimen, 

natural  size. 
7.  Outline  of  the  profile  of  the  test. 
H.  Ambulacral  and  interambulacral  plates,  magnified. 
!).  A  portion  near  the  peristome,  showing  the  cuts,  magnified. 
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PIRATE  IX. 


Figure  1.  Dictvoplbueui  i iliac,  Duncan  and  Sladcn  (page  38),  natural  site. 

2.  The  apical  system,  magnified. 

3.  Part  of  an  ambulacrum  and  intcrambulacrum,  magnified. 

4.  DicTvoPLEimcs  Haimei,  Duncan  and  Sladen  (page  39),  natural  *we. 

5.  Part  of  an  ambulacrum  and  intcrambulacrum,  magnified. 

6.  AKAcnNioFLEURUB  RETicuLATUa,  Duncan  and  Sladen  (page  43),  natural 

7.  Part  of  an  ambulacrum  and  interambulacrum,  magnified. 

8.  Some  ridges  near  the  apical  system,  magnified. 
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PLATE  X. 


Figure  1.  Progon echinus  Eoceniccs,  Duncan  and  Sladen  (page  4H),  natural  size. 
!i.  An  ambulacrum  and  part  of  an  intcrradium,  magnified. 

3.  A  portion  of  the  test  near  the  actinostome,  magnified. 

4.  A  side  view  of  the  test,  natural  size. 

5.  DicTYoPLKi'Btis  d'Akchiaci,  Duncuu  uiul  Sladen  (page  41),  natural  size. 
0.  An  ambulacrum  and  part  of  an  intcrradium,  magnified. 

7.  A  weathered  specimen,  natural  size. 

K.  The  same,  part  of  un  ambulacrum  ami  intcrradium,  magnified. 
9.  A  spine  of  a  species  of  Cm  »m«  (page  50),  natural  size. 

10.  A  portion,  magnified. 

11.  A  spine  of  a  species  of  Cidabis  (page  50),  natural  size. 

12.  A  portion,  magnified. 

13.  A  small  spine  of  a  Cidaris  (page  50),  natural  sisc. 

14.  The  ring  around  the  cavity  for  the  tubercle,  showing  incomplete  crcuulatiou,  magnified. 
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PLATE  XI. 


Figures  1-11.  Spine*  of  Cidarids,  genus  Cidabis,  natural  si«e.    Fig*.  5*,  10*,  and  11*:  Orna- 
mentation, magnified.    (Page  50.) 

12.  A  spine  of  Pobocidabir,  natural  site.    I'Page  50.) 

13.  The  same,  magnified. 

14-23.  Spines  of  Phyllacantiu's,  natural  siie.    Fig  16#  :  Ornamentation,  magnified. 
|  Page  50.) 
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PIATK  XII. 


Figure  !.  C.ivfK  LVPKtrs  Sindexiis,  Duncan  and  Sladcn  (page  51).    The  test,  from  below,  natural 

size. 

2.  An  end  of  mi  ambulacrum,  slightly  magnified. 

3.  The  ornamentation  of  the  test,  magnified. 

4.  Part  of  an  ambulacrum,  high  up,  magnified. 

5.  A  specimen  of  a  Co.noclyfeub  (?)  (page  52),  aide  view,  natural  size. 
I>.  Its  |»eriproct,  natural  aixe. 

7.  CoMOCLTnvi  dkclivis,  Duncan  and  Sladcn  (page  53).    The  test,  natural  mzc. 

8.  I'liVLLocLVPEts  (Dc  Loriol's  genus),  species  unknown  (page  51).    1'hyllode,  magnified. 
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PLATE  XIII. 


lire  1.  Plesiolampas  bostrata,  Duncan  and  Sladon  (page  61).    The  abaetinal  surfaic. 

2.  The  side  view. 

3.  The  pcriproct,  natural  site. 

4.  Plesiolampas  placenta,  Duncan  and  Sladen  (page  ."il).    Actinal  surface. 

5.  Another  specimen,  abactiual  surface. 
C.  Part  of  uu  ambulacnuu,  magnified. 
7.  The  peristome,  slightly  magnified. 

M.  The  peristoraial  margin,  with  an  ambulacrum  and  faint  boorrelett,  magnified. 

1'.  The  longitudinal  outline. 

10.  Plesiolampas  polyqonalis,  Duncan  and  Sladcu  ([age  <»!)■    The  ubactinal  surface. 

11.  The  longitudinal  outline. 
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PI  ATE  XIV. 


Figure  1.  Plesiolampas  placenta,  Duncan  and  Sladen  (page  51).    The  rudimentary  phyllodc, 
magnified. 

•Z.  Plemolampas  pr.elonua,  Duncan  and  Sladcu  (page  5G).    Actinal  a»pect  of  the  test, 
natural  size. 

3.  Apical  disk  and  part  of  the  surrounding  portion  of  the  ahactiual  surface,  magnified. 

Also  a  portion  of  the  poriferous  rone,  more  highly  magnified. 

4.  Plesiolampas  ovalis,  Duncan  and  Sladeu  (page  58).     Actinal  aspect  of  the  test, 

natural  size. 

5.  Portion  of  the  median  grannlar  band  leading  from  the  peristome  to  the  pcriproct, 

magnified. 

6.  Outline  of  the  longitudinal  profile  of  the  test. 

7.  Abactinal  aspect  of  another  specimen,  natural  size. 

H.  Apical  disk  and  portion  of  the  abactinal  surface  of  another  specimen,  magnified. 

9.  Abactinal  aspect  of  the  test  of  a  young  specimen,  natural  sire. 

10.  Actinal  aspect  of  the  same,  natural  size. 

11.  Abactinal  aspect  of  a  young  specimen,  natural  size. 

12.  Apical  disk  and  surrouudiug  portion  of  the  abactinal  surface  of  the  same  specimen, 

magnified. 

13.  Outline  of  the  longitudinal  profile  of  the  same  specimen,  natural  size. 

14.  Actinal  aspect  of  the  test  of  a  very  young  specimen,  natural  size. 

15.  Outline  of  the  longitudinal  profile  of  the  same  specimen,  natural  size. 

10.  Abactinal  view  of  the  test  of  the  same  specimen,  natural  size. 

17.  Peristome  of  a  specimen  one  inch  in  length,  magnified. 

18.  Apical  disk  and  surrounding  portion  of  the  abactinal  surface  of  the  test  of  the  same 
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PLATE  XV. 


Figure  1.  Rhynchopygu*  Cumin,  d'Archiac  and  Haimr,  sp.  [page  071.    Side  view,  natural 
size. 

2.  From  behind,  natural  site. 

3.  The  odd  ambulacrum,  slightly  magnified. 

4.  The  pitted  strueture  of  the  actinal  median  area,  magnified. 

5.  Rhvncuopyous  PrriM.rtrs,  Duncan  and  Sladen  (page  (18      The  test,  from  above,  natural 

size. 

ft,  Part  of  the  phyllndc  and  pitted  strueture,  magnified. 

7.  (\tssioi'Lva  elliptic  rs,  Duncan  and  Sladen  (page  65).    The  test,  from  above,  natural 

yn 

8.  The  transverse  section,  natural  size. 

'.).  The  floBcelle  and  ornamentation,  magnified. 

10.  The  ornamentation  of  part  of  an  ambulacrum. 

11.  Paralamp^s  ptLEm,  Duncan  and  Sladen  (page  73).     The  fide  view  of  the  test,  natural 

size. 

12.  The  posterior  view,  natural  size. 

13.  The  marginal  outline,  from  the  actinal  side. 
1 1.  The  abactinal  area,  magnified. 
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Figure  1.  Neocatopygus  rotundus,  Duncan  and  Sladen  (page  '(•).    The  tent,  from  above, 
natural  si»e. 

2.  The  test,  from  below,  natural  size. 

3.  The  floacelle  and  peristome,  maguificd. 
1.  A  side  view  of  the  test,  natural  size. 

5.  The  posterior  view,  magnified, 
fi.  The  transverse  outline. 
7.  The  apical  system,  magnified. 
H.  A  small  specimen,  from  above. 
9.  The  ornamentation,  magnified. 
10.  Part  of  an  ambulacrum,  magnified. 
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PLATE  XVII. 


Figure  1.  Paralampas  minor,  Duncan  and  Sladen  (page  7  J).    View  from  the  side,  natural  size. 

2.  View  from  behind,  natural  sine. 

3.  The  apical  system  and  petals,  magnified, 
t.  The  peristome,  magnified. 

5.  Bcbummhim  enormis,  Dunran  and  Sladen  (page  M).    A  large  specimen,  side  view, 

natural  size. 

6.  A  smaller  specimen  (the  type),  side  view,  natural  sue. 

7.  The  same  from  beHnd,  natural  sine. 
M.  The  apical  region,  magnified. 

9.  The  peristome,  magnified. 

10.  Ornamentation,  magnified. 

11.  Eolampas  antecursor,  Duncan  and  Sladen  (page  02).    The  side  view,  natural  size. 

12.  From  behind,  natural  size. 

18.  Outline  of  aetinal  surface,  natural  siie. 

14.  The  apical  system  and  petals,  magnified. 

15.  The  peristome,  magnified. 
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PLATE  XVIII. 


Figure  I.  Euriiodia  Morri-hi,  D'Archiac  and  Haime  (page  70).    The  test,  from  above,  natural 
size. 

2.  Ride  view,  natural  size. 

3.  Transverse  outline. 

4.  Aetinal  surfaee,  natural  size. 

5.  Apieal  system,  magnified. 

fi.  A  portion  of  an  ambulacrum,  magnified. 

7.  The  peristome  and  its  ornamentation,  magnified. 
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PLATE  XIX. 


Figure  1.  Prenastkk  oviroBMis,  Duncan  ami  .SladeQ  (page  'J(i).    View  from  above,  natural  size. 

2.  Actinal  surface,  natural  size. 

8,  Side  view,  natural  size. 

1.  Posterior  view,  natural  size. 

5.  Part  of  the  odd  anterior  ambulacrum  and  ornamentation,  magnified. 

6.  Part  of  an  anterolateral  ambulacrum,  magnified. 

7.  HlKUim  eloncatvb,  Duncan  and  Sladcn  (page  78;.    The  teat,  from  above,  natural 

size. 

8.  Aetiual  surface,  natural  size. 

9.  The  apical  system,  magnified. 

10.  Outline  of  side  view  of  a  *j>ecimen,  uatural  size. 

11.  Part  of  the  anterior  ambulacrum,  magnified. 


13.  V  Outlines  of  the  test  of  small  specimens,  from  above,  natural  size. 


15.  The  test,  from  behind,  natural  size. 
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PLATE  XX. 


Figure  1.  Linthia  Indica,  DlUMn  and  Shulen,  variety  (page  82).    Actiual  view,  natural  size. 

2.  Side  view,  natural  size.    Specimen  rather  crushed. 
2*.  Outliuc  of  test,  natural  size. 

3.  Apical  system,  magnified. 

1.  Linthia  Indka,  Duncan  and  Sladeu,  variety  (page  82).    Side  view,  natural  size. 

5.  Linthia  Indica.    Abactinal  view,  natural  size. 

6.  Posterior  view,  natural  size. 

7.  Young  form.    Side  view,  natural  size. 

8.  Posterior  view,  natural  size. 

9.  Linthia,  sp.  (page  85).    Abactinal  surface,  natural  size. 

10.  Schizaster  alveolitis,  Duncau  and  Sladeu  (page  87  ).    From  above,  natural  size. 

11.  Posterior  view,  natural  size. 

12.  Ornamentation  near  the  ambulacra,  magnified. 

13.  Antero-latcral  petal,  magnified,  showing  fasciole. 

1 ».  Apical  system  of  a  specimen  of  a Scuizaster  from  Kacli,  magnified  ;  but  it  is  probable 
that  it  is  not  of  the  same  species  as  the  above. 
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Fasciculus  3.— THE  KHIRTHAR  SERIES. 

L  Introductory  Remarks  on  the  Khirthar  Series. 

The  Khirthar  series  of  strata  take  their  name  from  the  great  frontier  range  of  hills 
which  extends  along  the  western  boundary  of  the  province  of  Sind  as  far  south  as 
lat.  26°  15',  and  of  which  they  form  the  crest  throughout,  as  well  as  all  the  higher 
portions  of  the  Laki  range,  of  the  Bhit  and  Badhra  ranges  south-weBt  of  Manchhar 
Lake,  and  of  several  smaller  ridges*.  This  formation  represents  an  aggregate  thickness 
of  about  9000  feet,  the  upper  3000  feet  of  which  are  a  compact  massive  Nummulitic 
limestone,  the  underlying  portion  consisting  of  shales  and  sandstones.  The  lower 
beds  arc  unfossiliferous,  and  pass  without  stratigraphical  unconformity  into  the  under- 
lying Ranikot  series.  In  like  manner  the  Nari  series  of  strata  rest  conformably  upon 
the  Khirthar. 

The  character  and  relative  position  of  the  Khirthar  deposits  have  been  briefly 
referred  to  in  the  Introductory  part  of  Fasciculus  1  of  this  work,  and  diagrammatic 
sections  showing  the  superposition  of  strata  are  given  on  page  6.  The  following 
extracts  from  the  valuable  memoir  by  Mr.  W.  T.  Blanf ord,  F.R.S.f,  will  be  of  interest 
to  the  student  of  the  fossil  remains  obtained  from  these  strata,  which  form  the  Bubject 
of  the  present  Fasciculus. 

"  The  colour "  of  the  massive  limestone  "  is  usually  pale,  either  white  or  grey, 

•  Memoirs  Geol.  Surv.  Indi»,  vol.  x»ii.  p.  45. 

t  Geology  of  Western  8ind  (Mem.  GeoL  Bury.  India,  vol.  xvii.). 
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sometimes,  but  less  frequently,  dark  grey  ;  the  texture  varies  from  hard,  close,  and 
homogeneous,  breaking  with  a  conchoidal  fracture,  to  soft,  coarse,  and  open.  Ordi- 
narily, the  Nummulitic  limestone  is  tolerably  compact  but  not  crystalline,  and  chiefly 
composed  of  Foraminifera,  especially  Xummu/ites,  which  are  fragmentary ;  corals,  sea- 
urchins,  and  molluscs  also  abound,  but  the  two  latter  very  frequently  only  weather 
out  as  casta. 

"Throughout  Northern  Sind,  except  near  Rohri,  no  beds  arc  seen  beneath  the 
Khirthar  limestone,  and  the  rocks  which  crop  out  west  of  the  Sind  frontier  from 
beneath  the  main  limestone-band  have  already  been  described.  The  remarkable  range 
of  low  hills  surrounded  by  Indus  alluvium,  and  extending  for  more  than  forty  miles 
south  from  Rohri,  consists  of  Nummulitic  limestone,  having  a  low  dip  to  the  westward  ; 
and  beneath  the  limestone  forming  the  eastern  scarp  of  the  hills,  on  the  edge  of  the 
alluvial  plain,  a  considerable  thickness  of  pale-green  gypseous  clays  is  exposed,  with  a 
few  bands  of  impure  dark  limestone  and  calcareous  shale.  No  Foraminifera  have  been 
found  in  these  clays,  although  Xummulites  abound  in  the  limeBtone  immediately  over- 
lying ;  several  species  of  Mollusca  occur,  but  none  are  characteristic ;  and  it  is  far  from 
clear  whether  the  green  clays  and  their  associates  are  merely  thick  bands  intercalated 
in  the  limestone,  or  whether  they  belong  to  a  lower  group.  Probably  these  argillaceous 
beds  of  the  Rohri  hills  represent  some  of  the  marls,  shales,  and  clays  forming  the 
lower  portion  of  the  upper  Khirthar  group  on  the  Gaj  river. 

"The  Nummulitic  limestone  of  the  Rohri  hills  is  softer  and  whiter  than  that  of 
the  Khirthar  range,  a  difference  doubtless  due  to  the  much  smaller  amount  of  distur- 
bance that  the  rocks  have  undergone  in  the  former  instance.  A  somewhat  similar  but 
greater  difference  has  been  shown  to  exist  between  the  Nummulitic  limestone  of  the 
Salt  Range  and  that  of  the  Himalayas  in  the  Punjab. 

"  In  some  places  west  of  Kotri,  a  band  of  argillaceous  and  ferruginous  rock  is 
found  close  to  the  base  of  the  Khirthar  group.  This  rock  weathers  into  laterito  ;  it  is 
mainly  composed  of  brown  ha-matite,  and  appears  to  be  found  over  a  considerable  area 
near  Kotri  and  Jhirak.  It  is  impossible  to  avoid  suggesting  its  identity  with  the 
ferruginous  lateritic  bed  found  in  a  similar  position  in  Uuzcrat,  Cutch,  the  Salt  Range, 
and  the  Sub-Himalayan  region. 

"  In  the  Laki  range  the  Nummulitic  limestone  rests  unconformably  on  the  Ranikot 
group.  The  Khirthar  group  here  cannot  be  more  than  500  or  GOO  feet  thick,  and 
consists  entirely  of  limestone.  To  the  south-east,  towards  Kotri  and  Tatta,  there  is  no 
unconformity  between  the  Ranikot  and  Khirthar  groups,  but,  on  the  contrary,  there  is 
an  almost  complete  passage  between  the  two,  and  the  limestone  of  the  latter  becomes 
much  split  up  and  intercalated  with  shales  and  sandy  beds.  This  is  even  more  the 
case  further  to  the  south-east  in  t'utch,  where  the  whole  group  consists  of  comparatively 
thin  beils  of  limestone,  interstrntificd  with  shales.  To  the  south-west,  near  the  Hahb 
river,  the  massive  limestone  dies  out  altogether  ;  and  although  it  is  well  developed  in 
the  southernmost  extremity  of  the  Khirthar  range,  near  Karchiit,  about  50  miles  south 
of  Sehwan,  it  disappears  within  a  distance  of  25  miles,  and  in  the  ranges  on  the  Habb 
river  is  entirely  replaced  by  shaly  limestone,  shales,  and  thin  beds  of  sandstone.  Some 
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rather  massive  beds  of  Nummulitiferous  dark-grey  limestone,  very  different  in  character 
from  the  pale-coloured  Khirthar  limestone,  are  found  west  of  the  Ilabb,  but  their 
precise  position  in  the  series  is  not  known ;  and  the  rocks  appearing  from  beneath  the 
Nari  group,  in  the  place  of  the  Khirthar  limestone,  consist  of  shales  and  sandstones, 
with  some  calcareous  bands  abounding  in  Nummulites,  and  closely  resembling,  both  in 
character  and  in  the  species  of  Foraminifera  they  contain,  the  Nummulitic  shales 
beneath  the  massive  limestone  on  the  Gaj  river.  It  is  not  known  to  what  extent  the 
typical  Khirthar  limestone  is  developed  in  Baluchistan ;  around  Kelat,  to  the  north- 
ward, this  band  appears  to  be  extensively  exposed,  but  to  the  westward,  near  Gwadar, 
the  rocks  supposed  to  represent  the  older  Tertiary  beds  consist  of  an  immense  thickness 
of  shales,  glial y  sandstones,  and  unfossilifcrous  calcareous  bands,  resembling  the  lower 
Khirthars  of  the  Gaj  and  the  beds  of  the  Ilabb  valley,  and  limestones  with  Nummulites 
are  of  frequent  and  local  occurrence.  It  is  thus  evident  that  the  Khirthar  limestone, 
although  it  is  so  conspicuous  in  most  parts  of  Sind,  and  although  it  attains  a  consider- 
able thickness,  is  not  by  any  means  universally  distributed." 

The  character  of  the  organic  remains  of  the  Khirthar  series  is  unquestionably 
Eocene,  and  the  various  fauna?  are  distinctly  comparable  with  those  homotaxially 
related  to  them  in  other  parts  of  the  world.  Foraminifera  are  richly  represented,  and 
Mollusca  are  numerous.  Out  of  17  species  of  Foraminifera  mentioned  in  Mr.  Feddeu's 
list*,  4  species  pass  down  into  the  Kanikot  series,  the  remainder  being  peculiar  to  the 
Khirthar,  and  none  pass  up  into  the  Nari. 

Out  of  43  species  of  Mollusca  f  (omitting  those  whose  determination  was  doubtful), 
14  species  pass  down  into  the  Ranikot,  2  of  these  extending  into  the  transition  beds; 
3  species  pass  up  iuto  the  Nari,  these  three  being  also  amongst  those  Khirthar  forms 
which  are  found  in  the  llanikot ;  and  1  species  passes  up  into  the  Gaj  which  has  not 
yet  been  found  in  the  Nari. 

The  (^oral  faunaj  is  represented  by  a  comparatively  limited  number  of  forms. 
Out  of  16  species  accredited  to  this  formation,  10  are  from  beds  so  high  in  the  series 
that  it  is  uncertain  whether  they  may  not  belong  to  the  more  recent  Nari  series.  Of 
the  remaining  6  species,  2  arc  identical  with  fossil  forms  from  European  strata. 

The  Echinoderm  fauna  is  rich  both  in  number  of  species  and  of  individuals. 
70  species  and  varieties  of  Echinoidea  arc  noticed  in  the  following  pages.  The  cha- 
racter of  the  Echinoidean  fauna  of  the  Khirthar  series  is,  like  that  of  the  Ranikot  series, 
remarkably  isolated.  63  species  and  varieties  belong  unquestionably  to  these  strata 
exclusively — that  is  to  say,  they  have  not  yet  been  found  in  other  geological  horizons. 
Four  of  the  remaining  7  species  are  characteristic  Khirthar  forms,  but  were  included  in 
the  collection  of  Echinoids  from  the  Ranikot  series,  to  which  formation  they  were  also 
ascribed.  That  the  specimens  in  question  really  belonged  to  the  Ranikot  age  iR 
very  doubtful ;  and  in  a  future  page  we  shall  discuss  the  evidence  upon  which  we 
consider  it  highly  probable  that  they  were  derived  from  Khirthar  beds.  Three  other 
species,  of  which  only  single  and  fragmentary  specimens  are  included  in  the  collection, 

•  Mcmoim  Uool.  Burr.  India,  voL  irii.  p.  11*7  et  trq.  f  Op.  eit.  p.  201. 

%  P.  Martin  Duncan,  "Fo.ail  Coral,  of  Sind,"  Pal.  Ind.  scr.  xiv.  (1SS0). 
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have  evidently,  from  the  nature  of  their  matrix,  been  assigned  by  accident  to  the 
Khirthar  formation  ;  they  are  also  characteristic  fossils  in  higher  beds.  None  of  the 
Khirthar  forms  have  as  yet  been  found  in  the  Nari  series. 

The  relations  of  the  Khirthar  Echinoidca  with  those  from  other  homotaxial  areas 
are  representative  but  not  identical :  the  general  facies  of  the  fauna  and  its  peculiarities 
will  be  remarked  on  in  the  sequel. 

Owing  to  the  nature  of  the  matrix  and  the  accidents  and  difficulties  of  exposure, 
the  Khirthar  fossils  are  not  preserved  in  such  beauty  and  perfection  as  is  frequently 
the  case  in  Tertiary  specimens  from  higher  beds.  Many  are  more  or  less  broken  or 
obscured  by  matrix,  and  in  some  instances  out  of  a  dozen  examples  none  are  absolutely 
perfect.  These  circumstances  have  obviously  increased  the  difficulties  of  determination. 
Out  of  the  70  species  and  varieties  mentioned  in  this  Fasciculus,  there  are  10  forms  to 
which  we  have  refrained  from  assigning,  on  the  above  grounds,  any  specific  name.  In 
most  cases  they  are  isolated  specimens,  and  all  that  can  be  said  definitely  about  them 
is,  that  they  differ  from  the  other  forms  recorded.  Their  state  of  preservation  is  such 
as  to  render  a  useful  description  impossible ;  and  we  have  consequently  considered  that 
the  interests  of  science  are  best  served  by  simply  placing  their  occurrence  on  record 
until  better  material  is  available.  "Wherever  practicable,  a  drawing  of  the  specimen 
has  been  given,  for  the  assistance  of  the  labours  of  the  Geological  Survey. 

II.  List  of  the  FosMl  Echinoidea  from  the  Khirthar  Series. 
Order  ECHINOIDEA  EHDOCYCLICA. 

Family  CWAKIDJ!. 

Genu*  CiDABla,  Klein,  1734. 

Subgenus  Leiociuabis,  Detor,  1854. 
LrfocMaiil  eaii&lieulata,  /)««««  if  Sladen:  p.  109. 

Genus  PoEociDuus,  Detor,  1854. 
Porocidaria  anomala,  Z>un«in  tf  Sladtn :  p.  1 13. 

Family  GLYPI10ST0MATA. 
Subfamily  Diadem  atidjc. 
Ornus  Cttiiosoma,  Ayauiz,  1840. 
Cjrphasoma  microstoma,  Duncan  <J-  Sladen  :  p.  116. 
—  undatum,  Dunnm     Sladen  :  p.  117. 

Genu  Micbopsis,  Cotltau,  185(1. 
Micropiij  venustula,  Duncan  4r  Sladtn:  p.  119. 

Subfamily  TEMSOPLICCBID 

Genus  Temseciunii!,  Forbes,  1S52. 
•  Temnechiniu  Rousseaui,  d'Arthiae,  sp. :  p.  122. 
•  A  single  example,  evidently  included  accidentally  in  the  Khirthar  Collection.    It  came  from  a  much 
higher  boriton. 
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Order  ECHINOIDEA  EXOCYCLICA. 

Suborder  GNATHOSTOMATA. 
Family  COXOCLTPEIDJl. 

Genu*  CoNoci.rPErs,  Ayatsiz,  1840. 
Conoclypmis  alveolatus,  Duncan  if  Sladen;  p.  124. 

 pingiiis,  Duncan  &  Sladen  :  p.  128. 

 rostratua,  Duncan  $  SUden  :  p.  128. 

 galerus,  Duncan  Jr  Sladen  :  p.  129. 

Family  CLYFEASTRIDJi. 

Subfamily  Ere LTPE aktbi  VM. 
Genus  Ecm.vocifAMis,  van  Phtltum,  1774. 
Echinocjamus  nummnliticua,  Duncan  $  SUulen  :  p.  132. 

 ,  Tar.  obeaus  :  p.  134. 

 ,  Tar.  oriformia :  p.  135. 

—  — — ,  rar.  plntiun:  p.  135. 

 rotundua,  Duncan  if  Sladen :  p.  136. 


SUmondia  polymorpba,  Duncan  if  Sladen  \  p.  137. 

Suborder  ATELOSTOMATA. 
Family  CASSIDULIDA?. 

Subfamily  Echikoiikik jl 

Oentu  Ambltptovs,  Agattiz,  1840. 

Ambljpvgus  aubrotundu*,  Duncan  Sr  Sladen  :  p.  140. 

 ,  Tar.  conicus  :  p.  142. 

 patellcforrais,  Duncan  St  Sladen:  p.  144. 

 tumidua,  Duncan  £  Sladen :  p.  146. 

—  latua,  Duncan  if  Sladen :  p.  14a 

Subfamily  Ecuisolampik m. 

Genu,  Eolampas,  Duncan  if  Sladen,  1882. 
Eolampaa  excentricua,  Duncan  if  SUultn :  p.  150. 


Echinolampaa  rotunda,  Duncan  <$•  Sladen  I  p.  152. 

 Bubconk-a,  Dttncan  tJ-  Sla,Un :  p.  155. 

 obt-sa,  Duncan  if  Sladen:  p.  157. 

 Sindensis,  <JC Arckiitc :  p.  159. 

 anguatifolta,  Duncan  if  Sladen  :  p.  164. 

 nummnlitica,  Duncan  if  Sladen:  p.  167. 


Genui  Swmoxma,  Detor,  1857. 


Genua  EcnufOLAJirAS,  Gray,  1825. 
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Ecbinolampas  juvenilis,  Duncan     Sladrn  :  p.  170. 

 lepadiformis,  Duncan  it  Sladen :  p.  1  "2. 

 rajuiviH-a,  Ihtnean  if  S laden  :  p.  173. 

 Bp.  (junior) :  p.  174. 

 »p.:  p.  178. 

Suhfamily  Ecms  AKTU1KA. 
Genus  EcuisAHTiira,  lireynius,  1732. 
Echinanthus  interwdiu.,  Dumcan  #  Sladen:  p.  177. 

Genus  Ilahiojia,  Damn,  1877. 
Ilarionia  Sindoosi*.  Duncan  if  Sladen :  p.  179. 

Genus  Cissmnrii,  Tstmarck,  1801. 
Caasidulus  sabinvagioattu,  Duncan  $  Sladen :  p.  182. 

Genus  KltTKCHOpTOC*,  D'Orbigny,  1855. 

Rhynchoprpus  Caldori,  <rArthi«c  Cf  Haime,  »p. :  p.  184. 
 prgmanu,  Duncan  if  Sladen  :  p.  187. 

Family  SPA  TANQIDJ!. 

Suhfamilu  Sniiiruim. 

Genus  >L  ,  jiastui.  Agassiz,  1836. 
Mirrastfr  tumidus.  Daman  if  Sladen:  p.  189. 

Genus  ILeiuajrtsb,  Descr,  1847. 

HerotMtor  apicalu,  Duncan  $  Sladen:  p.  193. 

 nobilis,  Duncan  if  Sladen:  p.  196. 

 carinatus,  Duncan  if  Sladtn  :  p.  198. 

 digonus,  <f  ArcJiiac  :  p.  200. 

 *p. :  p.  201. 

 »p. :  p.  201. 

 sp.  :  p.  202. 

Genu*  Bbimowis.  Ayamt,  1840. 

Genu*  Mitai-ia,  Gray,  1855. 

MotaJia  Sowerbri,  cCArchiae,  up  :  p.  200. 

 acutiformis,  <fArchiac,  sp. :  p.  209. 

 ,  var.  rotunda,  Duncan  »$■  Sladen  :  p.  211. 

 depress*,  Duncan  if  Sladen :  p.  21 1. 

 agarieiforniis,  Duncan  if  Sladen :  p.  213. 

 sp. :  p.  215. 

 sp. :  p.  210. 

Genus  Li Min a,  Menan,  1853. 
Linthia  orieti  talis,  Duncan  c\  Sladen:  p.  217. 
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Genus  Schizaotkh,  Agassiz,  1836. 

Schizaster  symmctricus,  Duncan  d"  Sladen  :  p.  220. 

 eimulauis,  Duncan  Jr  Sladen  :  p.  223. 

 Baluchiatanensis,  tCArrhiac  d-  Haimt :  p.  224. 

 «p. :  p.  224. 

Genu*  Moiiu,  A.  Agassiz.  1872. 

•  Moira  prim»va,  Duncan  d-  Sladen :  p.  225. 

Genus  BiussoPATAnrs,  Cotttau,  1803. 
Brissopatagus  Sindeunis,  Duncan  <J-  S/aci,™  :  p.  226. 

Genus  Beey.iia,  /)<■«;•,  11*47. 

•  Breynia  carinata,  <f^n-Aiaf  d"  :  p.  229. 

Gcnui  MACHOPJiFrftTEB,  Agassi:,  1847. 

Macropneuatcs  specioaus,  Duncan  A'  Sladen :  p.  229. 
 rotund  us,  Duncan  Jjr  Sladen  :  p.  232. 

Genus  PERirsixsTKa,  Colteau,  1875. 
Peripneustes  Bp.  :  p.  234. 

Genus  KrsPATAXors,  A-jassis,  1847. 

Eu»patongni<  ■ValltlU,  rfMrcAia*  d-  Haime;  p.  236. 

 cordiformis,  Z>u<im»  d-  Sladen  :  p.  238. 

 rostratus,  .r^rrAiar :  p.  240. 

Genu,  indet.  (prohably  new  ;  and  to  be  clawed  with  the  Brissine). 
f    ...   7   ...   i  p.  211. 

Summary  of  Species  of  Fossil  Echinoidea  from  the  Khirthar  Series  in  Sind. 

1.  Lciocidaris  canaliculate,  Duncan  Jc  Sladen  :  p.  109. 

2.  Forocidari*  anomala,  Duncan  $  Sladen  :  p.  113. 

3.  Cyphoeoma  macroaloma,  Duncan  f  Sladen  :  p.  116. 

4.   undatum,  Duncan  d-  Sladen:  p.  117. 

5.  Micropaia  Tcmiatula,  Duncan  d-  Sladen  :  p.  119. 

6.  Temnccbinu*  Itounwuui,  cTArehiac,  up. :  p.  122. 

7.  Conocljpeua  alveoiatiu,  Duncan  if  Sladen  :  p.  124. 

8.   pinguig,  Duncan  tf  Sladen :  p.  12U. 

9.    roelratua,  Duncan  d-  Sladen:  p.  128. 

10.   gulenu,  Duncan  <J-  Sladen :  p.  129. 

11.  Echinocyamus  nummuliticUB,  Duncan  d'  Sladen  :  p.  132. 

12.  ,  Tar.  obcflua,  Duncan  d-  Sladen:  p.  134. 

13.  ,  rar.  ovifonnia,  Duncan  d-  Sladen  :  p.  135. 

14.  ,  w.  planua,  Duncan  cySla<len:  p.  135. 

15.   rotunduB,  Duncan  d-  Stadm:  p.  185. 

16.  Siamcmdia  polymorpha,  Duncan  Jf  Sladin:  p.  137. 

17.  Amblypvgua  aubrotutidua,  Duncan  t\  Sladen :  p.  140. 

18.  ,  var.  contcm,  Duncan  d-  Sladen  :  p.  142. 

19.   patelhcfonnis,  Duncan  d-  Sladen  :  p.  1 14. 

•  A  .ingle  example,  evidently  included  acddentally  in  the  Khirthar  Collection. 


Digitized  by  Google 


THE  FOSSIL  ECIIINOIDEA 


20.  Amblypygus  tumiJm.  Duncan  d-  Sladen  :  p.  146. 

21.   lata*,  Duncan  d-  Sladen  :  p.  US. 

22.  Kokmpu  exeontrii  un,  Duncan  Jr  Sladen  |  p.  160. 
21.  Kchinolompaa  rotunda,  Duncan  d"  Sladtn  :  p.  152. 
24.   iiuboonica,  Duncan  4-  Sladtn  :  p.  155. 

26.   obesa,  Duncan  d-  Sladen:  p.  1.17. 

20.   8inden»i.,  .TArchiae  :  p.  159. 

27.  ,  tst.  hemisphe  ric*,  Duncan  d-  Sladen:  p.  1«3. 

28.           anguntifolia,  Duncan  d-  Sladen:  p.  164. 

21*.   nummulitiru,  Duncan  d-  Sladen  :  p.  107. 

30.   juvenilia,  Duncan  d"  Sladen  :  p.  170. 

»1.  lepadiformb,  Duncan  d-  Sla<lcn  :  p.  172. 

•'2.  eijuivoca,  Duncan  Jf  Sladen  :  p.  173. 

33.   ap.  (junior):  p.  174. 

94.   «p. :  p.  176. 

35.  K<hir>authus  intcracdiua,  Duncan  d-  Sladen  :  p.  177. 

36.  llarionia  Sind.'uiii,,  Duncan  d-  Sladen:  p.  179. 

37.  Cuwidulua  snbinTaginatu*,  Duncan  Jr  Sladen  :  p.  1S2. 

38.  Khynehopypja  Caldcri,  tTArchiac  d-  If.iime,  Bp.  :  p.  184. 
30.   pygmaiw,  Duncan  d-  Sladen  :  p.  187. 

10.  Micmster  tumidun,  Duncan  jr  Sladen  :  p.  1N0. 

41.  H.miaatcr  apicalia,  Duncan  ,y  Sladen  :  p.  193. 

42.  — —  nohilia,  Duncan  d-  Slad,n:  p.  106. 
♦3.  — —  carinatua,  Duncan  Jr  Sltulen :  p.  108. 

44.  -  _  diKomu,  d-Arckiac:  p.  200. 

45.  «p.:  p.  201. 

4«.  sp. :  p.  201. 

47.  sp. :  p.  202. 

48.  Rrt.-w.jm*  aufflutua,  Duncan  Jr  Sladen  :  p.  808. 
40.  Molalia  Snwcrbyi,  fJnHeH,  »p. :  p.  2l>0. 

50.   acutiformis,  <VAreliiac,  Kp.  |  p.  200. 

51.    ,  rar.  rotunda,  Duncan  J-  Sladtn  :  p.  21 1. 

52.  fcptWM,  /Antra*  d-  Sladen  :  p.  211. 

53.    agariciformis,  Duncan  d-  Sladtn  :  p.  213. 

54.  ap. :  p.  215. 

55.   ap.:  p.  216. 

56.  Lirithia  orieiitiilin,  Duncan  Jf  Sladen:  p.  217. 

67.  S.hUaatcr  aymmctricua,  Duncan  d-  Sladen  :  p.  220. 

58.  wmulans,  Duncan  ,j-  Sladen  :  p.  223. 

59.   UiiluidiutunoDsis,  <f  Arekiae  «|  Haiini;  p.  224 

60.   up.  :  p.  224. 

61.  Ifobl  prima^va,  Duncan  d-  Sladen  :  p.  226. 

«2.  RriwK.put.aguj  Kindonaia,  Duncan  d-  Sladen :  p.  226. 
fill.  Brcynin  carinata,  d'Arehute  if  Bmimi :  p.  220. 
64.  M at ropn<:>i»lc*  upmosu?,  Duncan  d-  Sladen:  p.  220. 
  rotundun,  Duncan  d-  Sladen :  p.  232. 

66.  Peripneusloa  sp. :  p.  231. 

67.  EunpalangTia  avcllana,  d'Archiae  d-  llaimt :  p.  286. 

68.   eordifurmis,  Duncan  Jt  Sladen  :  p.  23-S. 

60.   rostratua,  d~Archiac  :  p.  240. 

70.     ?      ?      (?  new  genua,  allied  to  Uriaain*) :  p.  24 1 . 
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III.  Description  of  the  Fossil  Echinoidea  from  the  Khirthar  Series  of  Strata 

in  Western  Sind. 

Order  ECHINOIDEA  ENDOCTCLICA. 

Family  CIDARIDJE. 

Genus  CIDARIS,  Klein,  1734. 
(See  ant**,  p.  7,  Part  i.) 

Subgenus  LEIOCIDARIS,  Desor,  18f)4. 

The  subgenus  Ijeiocidaris  is  characterized  from  the  true  Cidaris  by  the  conjugate 
pores,  and  distinguished  from  rhyllacanthus,  Brandt  (=Mabdocidaris,  Desor)  by  the 
smooth  and  non-crenulate  tubercles.  The  form  of  the  spines  is  also  very  different  in 
the  last-named  group  of  Bpecies.  The  character  of  the  ambulacral  area  is  evidently 
one  of  morphological  importance,  whilst  the  distinction  based  on  the  tubercles  and  the 
spines  would  seem,  from  the  known  variability  of  these  parts  in  Cidaridce,  to  be  more 
doubtful.  In  his  recent  work  on  the  Eocene  Echinoidea  from  Egypt  and  the  Libyan 
Desert0,  P.  de  Loriol  maintains  the  genus  Rkabdocidaris  of  Desor,  and  includes 
therein  (1)  the  species  of  Mabdoddaris  sensu  stricto,  (2)  the  species  of  Mabdoddaris 
with  non-crenulated  tubercles,  (3)  the  Bpecies  of  Leioddaris  of  Desor  and  Dames 
amended,  (4)  the  recent  Bpecies  of  Fhyllacanthus  of  A.  Agassiz,  and  (o)  the  genus 
Stephanocidaris  of  A.  Agassiz.  Although  we  place  the  greatest  importance  upon  every 
opinion  expressed  by  our  learned  contemporary,  we  still  consider  that  Brandt's  genus 
merits  recognition  ;  and  although  we  are  far  from  insisting  that  the  characters  upon 
which  Leioddaris  is  separated  from  Fhyllacanthus  (=Jlhabdoddaria)  are  of  any  great 
value,  we  regard  the  grouping  above  proposed  as  somewhat  too  sweeping  in  the  present 
state  of  our  knowledge ;  we  therefore  retain  provisionally  the  subgenus  Leioddaris 
rather  as  a  useful  centre  around  which  a  number  of  species  may  be  grouped,  than  as 
an  expression  of  our  opinion  upon  the  morphological  importance  of  the  test-characters 
upon  which  the  division  is  based. 

1.  Leiocidaris  CAKALICU lata,  Duncan  d-  Slaxlcn.    Plate  XXI,  Figs.  1-9. 

Form  circular,  subglobular,  rather  high,  the  height  being  nearly  three  fourths  of 
the  breadth  (or,  taking  the  mean  of  three  specimens,  is  as  0-7  :  1  approximately). 
Test  very  slightly  depressed  on  the  abactinal  surface,  moderately  inflated  at  the  ambitus, 
the  contraction  of  the  test  being  greater  below  that  line  than  above. 

Ambulacra  very  slightly  flexuous,  rather  broad,  contracting  towards  the  apex,  and 
also,  but  in  a  less  degree,  towards  the  peristome.  Poriferous  zones  deeply  sunken,  as 
broad  as  the  whole  interporiferous  area.    Pores  transversely  elliptical,  wide  apart, 

•  l'uJu'untogrnphica,  N.  F.  x.  1  (ai.). 
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the  pores  of  a  pair  united  by  a  faint  but  distinct  groove,  which  is  further  emphasized 
by  the  presence  of  a  thin  elevated  ridge  separating  the  neighbouring  pairs.  The  outer 
pores  are  more  elongate  or  pyriform  than  the  inner  ones;  and  there  are  14  or  15 
pairs  of  pores  opposite  to  one  of  the  largest  interambulacral  plates  at  the  ambitus. 
The  interporiferous  areas  are  narrow,  and  are  furnished  with  two  rows  of  minute  mam- 
millated  miliar)-  tubercles,  placed  at  the  extreme  margins  of  the  area,  the  space  between 
being  occupied  by  very  minute  miliary  granules,  regularly  arranged,  there  being  at 
the  ambitus,  in  full-sized  specimens,  six  granules  on  each  plate,  placed  in  two  horizontal 
rows  of  three  accompanying  and  on  the  inner  side  of  each  of  the  mammillated  granules 
above  mentioned.  Towards  the  extremities  of  the  area  the  interior  series  of  granules 
diminish  in  number,  until  at  the  very  apex  not  more  than  one  or  two  stand  between 
the  outer  marginal  series,  which  latter  are  continuous  from  apex  to  peristome. 
Similarly  in  small-sized  specimens  there  may  not  be  more  than  four  of  the  interior 
grannies  on  each  plate  even  at  the  ambitus,  and  midway  between  that  and  the 
extremities  not  more  than  two ;  the  idea  of  two  horizontal  lines  accompanying  each 
mammillated  ambulacral  granule  being  maintained  all  through,  even  towards  the  apex, 
by  the  elongation  of  the  granules  transversely. 

The  interambulacral  areas  are  rather  more  than  four  times  the  width  of  the 
ambulacra  at  their  widest  part,  and  there  are  two  rows  of  seven  or  eight  primary 
tubercles  in  each  interambulacru.n.  The  primary  tubercles  are  of  small  elevation, 
perforate,  and  not  crenulate ;  and  their  mamelons  are  comparatively  large,  having  the 
edge  bevelled  rather  than  rounded.  The  scrobicules  are  wide,  circular,  and  extend 
close  up  to  the  edge  of  the  plate  bordering  on  the  poriferous  zone.  The  scrobicular 
ring  is  complete,  composed  of  10  or  17  moderately  developed,  mammillated  granules, 
and  touches  the  edge  of  the  plate  which  borders  on  the  poriferous  zone,  as  well  as  the 
actinal  and  abactinal  margins  of  the  plate.  There  are  in  consequence  on  the  poriferous 
side  of  the  plate  only  a  few  small  miliary  granules  occupying  the  upper  and  the  lwer 
corners  of  the  plates.  The  miliary  zone,  on  the  other  hand,  is  remarkably  wide,  and 
is  slightly  impressed  along  the  zigzag  median  suture ;  it  is  occupied  by  a  fine,  uniform, 
miliary  granulation,  regularly  arranged  in  transverse  parallel  lines,  which  extend  in 
gentle  curves  across  the  plate,  and  are  continued  in  uninterrupted  series  from  one 
plate  on  to  the  adjacent  plate  of  the  neighbouring  column.  Slight  superficial  furrows 
run  between  every  two  or  three  lines  of  granules,  thus  marking  off  the  miliary  zone 
into  gently  curved  bands  of  granules,  which  extend  from  the  scrobicular  ring  of  one 
tubercle  to  that  of  the  two  neighbouring  scrobicules  in  the  companion  column,  the 
extremities  of  each  band  being  closed  by  one  of  the  mammillated  granules  of  the 
scrobicular  ring. 

Peristome  subcircular,  small,  13  millim.  in  diameter  in  a  specimen  35  millim.  in 
diameter  at  tne  ambitus,  and  lo  o  millim.  in  another  of  37  millim.  at  the  ambitus. 
Apical  disk  subpentagouul  and  rather  larger  than  the  peristome.  Details  of  the 
apical  system  unknown.  On  one  of  the  fragments  of  this  Cidarid  a  portion  of  a  spine 
is  attached,  of  which  a  drawing  is  given  in  fig.  7  ;  it  is  altogether  unlike  any  of  the 
spines  we  have  received  from  the  Kanikot  series. 
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Remarks.  At  first  sight  this  species  might  be  regarded  as  nearly  related  to  the 
Cid.  Verneuili  of  d' A  r c  h  i  a c  &  11  a i  m  e,  as  figured  in  the  An.  foss.  de  lTnde.  A  careful 
study  of  the  description  of  that  form  and  of  the  type  preserved  in  the  Museum  of  the 
Geological  Society  at  once  dispels  such  an  opinion  ;  indeed  they  appear  to  resemble 
one  another  in  little  else  than  the  great  breadth  of  the  miliary  zone,  the  lineal  arrange- 
ment of  the  granulation  borne  upon  it,  and  the  absence  of  granulation  between  the 
scTobicular  ring  and  the  poriferous  zone.  L.  (('.)  canatieutata  differs  from  C.  Verneuili 
in  the  greater  height  of  the  test,  the  total  difference  of  the  contour  of  the  profile,  the 
character  and  ornamentation  of  the  ambulacra,  the  relative  size  of  the  peristome,  and 
the  character  of  the  ornamentation  of  the  miliary  zone.  Furthermore  it  is  especially 
mentioned  in  the  description  of  C.  Verneuili,  that  the  pairs  of  the  ambulacral  pores  are 
separated  by  a  granule,  whilst  in  the  form  under  notice  they  are  widely  spaced  and 
united  by  a  furrow.  The  ornamentation  of  the  miliary  zone  of  C.  Verneuili  has  simply 
a  single  row  of  granules  in  each  band,  whilst  two,  three,  or  even  more  are  the  normal 
number  in  our  present  form. 

Although  the  condition  of  preservation  of  the  type  in  London  leads  to  the 
inference  that  the  diagnosis  must  probably  have  been  written  from  a  more  perfectly 
preserved  specimen,  the  conclusions  as  to  tltc  distinctness  of  L.  (C.)  eanulieulata  are  in 
no  way  invalidated. 

The  above  considerations  were  carefully  balanced  when  describing  the  fossils  of 
the  Ranikot  series,  and  our  retention  of  d'Archiac  and  Haime's  name  of  Verneuili 
for  the  Cidarid  plates  there  found  was  dictated  more  by  a  wish  to  preserve  the  nomen- 
clature of  our  learned  predecessors  and  by  a  repugnance  to  add  one  single  unnecessary 
name  to  an  already  overburdened  synonymy,  than  from  any  positive  conviction  that  the 
fragments  in  epiestion  were  really  identical  with  the  badly  preserved  type  at  the 
Geological  Society.  The  condition  of  that  specimen  is  so  unsatisfactory  that  a  definite 
conclusion  is  impossible. 

Young  Form.  A  small  specimen,  10  millim.  in  diameter  and  0  million,  in  height, 
obtained  from  the  same  beds  us  some  of  the  typical  examples  of  Leiocidaris  canaliculata, 
we  refer  provisionally  to  the  same  species.  The  test  is  undoubtedly  that  of  an  imma- 
ture Cidarid,  and  does  not  present  any  characteristic  specific  features ;  under  such 
circumstances  it  seems  preferable  to  regard  it  as  the  young  of  the  associated  form 
rather  thau  that  of  an  unknown  species,  which  would  require  to  be  named  from  this 
insufficient  material.  The  interambulacral  areas  have  only  -1  or  5  plates  in  each 
column,  the  primary  tubercles  are  comparatively  large  and  prominent,  and  the  relative 
breadth  of  the  ambulacra  is  rather  greater  than  in  the  fully  grown  form.  The  scro- 
bicule  occ  upies  nearly  the  whole  of  the  plate,  and  the  miliaries  of  the  scrobicular  ring  are 
the  only  regularly  defined  granules  present,  excepting  a  few  irregular  and  often  elongate 
granules  standing  external  to  them  in  the  miliary  zone  at  (he  ambitus.  In  the  ambulacra 
the  pairs  of  pores  are  slightly  oblique,  being  directed  downwards  and  inwards  towards 
the  median  suture  of  the  area ;  the  adoral  margin  of  the  plate  is  also  directed  slightly 
inwards,  and  is  thus  at  a  little  lower  level  than  the  next  succeeding  plate — a  feature 
giving  the  appearance  of  imbrication.    In  the  intcrporifcrous  areas  only  the  two  outer 
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rows  of  large  granules  are  present  throughout,  with  occasionally  a  trace  (quite 
microscopic)  of  the  inner  small  series,  the  large  granule  occupying,  however,  nearly 


the  whole  of  the  Bpace  between 

the  pore  anil  the  m< 

xlian  suture  of  the  area. 

Dimensions.  The  following 

are  the  measuremei 

its  of  three  specimens: — 

a. 

ft.  e. 

inillmi- 

.  28 

25  26 

34  37 

Localities.  In  the  Khirthar  series  of  strata :— i.  Twenty-four  miles  west  of  Kotri 
(entering  the  hills  on  the  road  to  Biila  Khan's  Thana).  Survey-number 

ii.  Dhdran  Pass,  near  Laki.    Survey-number  "if10. 

iii.  Gagar  hill,  east  side  of  the  Surjiina  range.  Survey-number 


Illustrations  of  the  Sjwcies  in  Plate  XXI. 

Kig.  1.  The  test  seen  in  profile  :  natural  size. 

2.  Actinal  view  of  a  part  of  the  test :  natural  size. 

3.  Plates  of  the  interambulacral  area :  magnified. 

4.  Ambulacral  plates  a  little  above  the  ambitus :  magnified. 

5.  Ambulacral  plates  from  a  larger  specimen  at  the  ambitus:  magnified. 

6.  Ideal  section  of  an  ambulacral  area. 

7.  A  portion  of  a  spine  :  magnified. 

8.  A  young  specimen  seen  in  profile :  magnified. 

9.  Ambulacral  plates  from  the  same:  magnified. 


Genus  POROC1DAU1S,  Drsor,  18".4. 

Test  circular,  depressed  above  and  below,  inflated  at  the  ambitus. 

Ambulacral  areas  broad  and  straight.  Poriferous  zones  broad,  scarcely  sunken, 
with  simple  pairs  of  pores  directly  superposed.  Pores  wide  apart,  united  by  a  con- 
jugating furrow.  Interporiferous  areas  broad,  with  horizontal  series  of  miliary 
granules. 

Interambulacral  areas  wide,  with  two  vertical  rows  of  primary  tubercles.  Primary 
tubercles  with  small  mamelons,  perforate,  deeply  crenulate.  Scrobicules  more  or  less 
transversely  oval,  with  shallow  grooves  more  or  less  defined  radiating  from  the 
periphery  towards  the  centre  along  the  flank  of  the  tubercles  with  or  without  pores  or 
depressions  at  the  outer  extremity  of  the  grooves.  Scrobicular  ring  with  a  tendency 
to  become  confluent. 

Peristoma  small,  decagonal. 

Spines  flattened,  with  strongly  serrated  edges. 

Tnis  genus  was  established  by  Desor*  fur  the  reception  of  some  isolated  plates 
with  scrobicules  of  the  form  and  dimensions  of  large  Cidarids,  but  characterized  by 

•  Synop.  tchiii.  fo?s.  pp.  4'),  47. 
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having  the  periphery  perforated  by  a  circle  of  pores,  lodged  in  Btnall  furrows,  radiating 
round  the  scrobicule.  Tubercles  crenulated  and  perforated.  Spines  compressed, 
lamelliform,  and  strongly  denticulated.  Subsequently  a  recent  Cidarid  from  the  North 
Atlantic  was  referred  to  this  genus  by  Sir  Wyville  Thomson,  notwithstanding  that 
the  form  appeared  anomalous  in  being  deficient  in  the  very  character  upon  which  the 
genus  was  originally  founded,  viz.  the  presence  of  pores  in  the  scrobicule.  The 
radiating  impressions,  however,  were  present;  and  Sir  Wyville  Thomson  remarked, 
"  It  is  perfectly  conceivable  that  these  depressions  may  sometimes  actually  go  through 
the  test,  or  at  all  events  leave  it  so  thin  that  the  action  of  water  and  attrition  during 
the  process  of  fossilization  may  be  well  supposed  to  have  completed  the  perforation"*. 
This  latter  remark  appears  to  us  highly  sagacious  and  important. 

The  first  complete  fossil  test  of  Porocidaris  known  was  that  described  by  de  Loriol 
from  the  Nummulitic  strata  of  Egyptf.  He  agrees  with  Thomson  in  the  reference 
of  the  recent  form  to  the  genus,  and  points  out  the  interesting  fact  that  both  the  pores 
and  the  pits  or  grooves  may  be  wanting  on  the  same  test — a  circumstance  probably 
dependant  upon  their  position  thereon.  It  would  hence  appear  that  the  scrobicular 
pores  and  radiating  grooves  are  of  comparatively  secondary  importance. 

1.  Pokocidaris  anomala,  Duncan  &  Sladen.    Plate  XXI,  Figs.  10-14. 

Form  subcircular,  turban-shaped,  depressed,  the  height  being  about  one  half  of 
the  diameter,  moderately  inflated  at  the  ambitus,  the  contraction  of  the  test  more 
rapid  actinally  than  abactinally.  The  test  surrounding  the  actinostome  is  somewhat 
depressed. 

Ambulacra  straight,  very  broad,  measuring  two  fifths  of  the  interambulacral  area 
at  the  widest  part,  and  contracting  gradually  towards  the  peristome,  where  it  is  half  its 
greatest  breadth.  The  contraction  towards  the  apical  disk  is  not  so  great.  Poriferous 
zones  very  broad,  scarcely  sunken,  half  as  wide  as  the  interporiferous  area.  Pores  wide 
apart,  the  inner  one  slightly  elliptical  transversely,  the  outer  one  very  decidedly  so  and 
often  contracting  somewhat  inwardly.  The  space  between  the  pair  of  pores  is  channelled 
by  a  slight  groove,  and  a  faint  ridge  may  be  traced  in  well-preserved  plates  passing 
from  the  upper  margin  of  the  one  pore  to  the  lower  margin  of  the  companion.  A 
delicate  ridge  or  keel  running  along  the  upper  aboral  margin  of  each  plate  separates 
the  neighbouring  pairs  of  pores.  There  arc  eight  pairs  of  pores  opposite  one  of  the 
largest  interambulacral  plates  at  the  ambitus. 

The  interporiferous  areas  are  broad,  twice  the  width  of  the  poriferous  zone, 
measuring  4  millim.  in  the  largest  specimen,  and  are  furnished  with  six  vertical  rows 
of  minute  mammillatcd  miliary  tubercles.  There  are  consequently  three  tubercles 
upon  each  plate  ;  the  outermost  is  largest,  and  stands  close  to  the  inner  pore  and  rather 
nearer  the  aboral  than  the  adoral  margin  of  the  plate ;  the  second  is  rather  smaller, 
and  stands  in  the  middle  of  the  plate  ;  the  innermost  tubercle  is  much  smaller,  and  is 

•  Phil.  Trim*,  vol.  cliiv.  p.  727. 

t  'Jlouugr.  des  k-hiuides  coutonm  daus  lua  eouche*  Xuuimulitiqitea  de  l'£gypte,'  1881,  p.  5. 
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situated  nearer  the  adoral  margin  of  the  plate  ;  the  arrangement  of  the  tubercles  ia 
consequently  slightly  oblique  upon  the  plate. 

The  interambulacral  areas  are  twice  and  a  half  the  breadth  of  the  ambulacra  at 
their  widest  part — the  ambulacra  being  8  millim.,  the  interambulacra  20  millim.  There 
are  two  rows  of  about  12  primary  tubercles  in  each  interambulacrum  (possibly  13, 
but  the  number  cannot  be  stated  definitely  on  account  of  the  concealment  of  the 
abactinal  area  by  matrix).  The  primary  tubercles  are  of  moderate  height,  the  neck 
broad  and  deeply  crenulated  (about  a  dozen  being  present),  and  the  mamclon  very  small, 
subangular  at  the  margins,  and  perforate.  The  scrobicules  are  wide  and  transversely 
oval*.  The  scrobicular  circle  is  subcomplete,  and  more  or  less  confluent  adorally  and 
aborally,  composed  of  19  or  20  small,  maminillated,  miliary  granules,  scarcely  larger 
than  the  rest  of  the  granulation  of  the  plate.  The  miliaries  arc  uniformly  and  rather 
widely  spaced  and  all  are  mammillated.  The  space  between  the  scrobicular  ring  and 
the  poriferous  zone  has  about  two  alternating  series  of  miliaries  external  to  thoso  of 
the  ring ;  the  space  between  the  median  suture  of  the  area  and  the  scrobicular  ring  is 
more  than  twice  as  broad,  and  contains,  in  addition  to  three  or  four  alternating  series 
of  miliaries  external  to  the  scrobicule,  a  number  of  granules  which  gradually  diminish 
in  size  as  they  recede  from  the  scrobicular  ring.  This  gives  the  miliary  zone  a  some- 
what naked  appearance.  In  some  plates  a  faint  indication  of  delicate  furrows  running 
from  the  miliary  zone  outwards  towards  the  scrobicule  may  be  made  out,  inclosing 
single  series  of  granules  ;  but  this  is  by  no  means  persistent,  and  the  furrows  seldom 
extend  the  whole  way. 

In  primary  tubercles  where  the  preservation  is  perfect,  shallow  radiating  grooves 
or  fluting*  may  be  traced  at  the  base  of  the  boss,  deepest  at  the  very  margin  of  the 
scrobicule,  about  16  to  20  in  number  all  round,  although  their  presence  is  very 
indistinct  adorally  and  aborally.  The  character  is  very  feebly  marked  throughout,  and 
where  weathering  influences  have  taken  place  is  altogether  undisecrniblc. 

l'eristomc  decagonal  or  subpentagonal,  small,  15  millim.  in  diameter  in  a  test 
49  millim.  in  diameter  at  the  ambitus.  Inlerambnlacral  plates  prominent,  with  margin 
incurved  at  the  median  suture  and  rounded  towards  the  poriferous  zones,  simulating  an 
actinostomial  indentation.    Apical  disk  unknown. 

Itadio/es.  The  weathered  longitudinal  section  of  a  primary  radiole  is  present 
amongst  the  matrix  on  the  abactinal  area,  and  also  several  fragments.  This  spine  is 
of  moderate  breadth  and  very  slightly  expanded  as  it  increases  in  length.  At  each  side 
occur  uniform,  widely  and  equidistautly  placed  serrations,  and  the  shaft  is  probably 
compressed.  The  articulating  facet  is  small  in  correspondence  with  the  small  mamclon. 
The  head  is  short  and  expands  very  rapidly,  the  ring  prominent.  The  shaft  contracts 
gradually  a  short  way  outward  from  the  ring,  and  again  expands  up  to  about  the 
second  serration ;  outward  beyond  this  the  expansion  is  very  slightly,  if  at  all,  continued. 

Numerous  miliary  spinelets  arc  preserved  upon  the  test;  they  are  elongate, 
delicate,  compressed,  slightly  tapering  and  rounded  at.  the  extremity,  all  uniformly 

♦  This  character  has  unfortunately  not  been  sufficiently  shown  by  our  artist  in  hi»  drawings  of  this 
species. 
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marked  with  a  very  fine  longitudinal  striation.  A  few  other  spinelets,  more  delicate, 
elongate,  and  subcylindrical,  are  also  present ;  these  do  not  appear  to  be  the  shafts  of 
pedicellarite. 

Young  Form.  A  smaller  specimen  than  the  type,  from  another  locality,  measuring 
S3  millim.  in  diameter,  which  we  regard  as  belonging  to  the  same  species,  presents 
several  interesting  features  worthy  of  note.  The  Bcrobicules  arc  perfectly  circular, 
excepting  the  faintest  trace  of  flattening  in  one  or  two  instances  at  the  ambitus ;  and 
the  scrobicular  ring  is  more  nearly  complete,  being  imperfect  on  the  alwral  margin  of 
the  plate  only.  The  miliaries  that  form  the  ring  are  distinctly  larger  than  any  of  the 
rest,  and  those  in  the  miliary  zone  are  quite  microscopic  and  represented  only  by  most 
feebly  developed  and  widely  spaced  granules.  In  the  interporiferous  (ambulacral)  area 
the  granulation  is  also  very  minute.  The  outermost  granule,  although  almost  micro- 
scopic, is  the  only  one  present  throughout ;  the  second  is  only  sometimes  represented  ; 
and  the  occurrence  of  any  trace  whatever  of  the  innermost  miliar)'  is  most  uncertain, 
the  space  for  its  presence  alone  being  always  maintained. 

Remarks.  It  is  not  without  considerable  hesitation  that  we  have  placed  this  mag- 
nificent form  in  the  genus  Porocidaris,  presenting  as  it  does  in  such  a  very  feeble  manner 
the  primary  character  which  would  at  first  sight  be  regarded  as  the  most  conspicuous 
feature  of  Desor's  genus.  The  presence  of  the  pits  is  not  of  such  great  importance, 
however,  after  all,  it  being  a  character  subject  to  extreme  variation,  and  often  absent 
altogether  in  the  existing  species  of  Porocidaris*.  After  careful  study  of  the  fossils 
under  notice,  we  feel  justified  in  adhering  to  the  present  determination. 

Dimensions.  The  largest  specimen  (which  is  rather  distorted)  measures  about 
48  millim.  in  breadth,  and  about  26  millim.  in  height.  The  smaller  specimen  is 
33  millim.  in  breadth,  and  17  millim.  in  height. 

Localities.  In  the  Khirthar  series  of  strata : — i.  Twenty-four  miles  west  of  Kotri 
(entering  the  hills  on  the  road  to  Biila  Khans  Thana).    Survey-number  °;"7>- 

ii.  Uncertain,  said  to  be  from  near  Jakhmari,  Laki  range.    Survey-number  "J". 

Illustrations  of  the  Species  in  Plate  XXI. 

Fig.  10.  The  test  seen  in  profile:  natural  size. 

11.  Actinal  view  of  a  part  of  the  test:  natural  size, 

12.  An  interambulacrul  plate,  with  the  adjacent  portion  of  the  ambulacral 

area:  magnified. 

13.  Ambulacral  plates:  magnified. 

14.  Outline  of  fragment  of  a  spine:  slightly  magnified. 

♦  W  yville  Thomson,  »  On  the  Ki-tiinoidea  of  the  •  FOKUpma  »  Di?p-se»  Dredtpng-Ex|.wlitiou,"  110. 
Trail*,  vol.  cIuy.  (J*74),  p.  T-'7. 


116 


THE  FOSSIL  ECHINOIDEA 


Family  GL YPH OSTOMATA . 


Subfamily  DIADEM AT ID. K 


Genus  CYPHOSOMA,  Agassiz,  1840. 


(See  a »»•••«.  p.  Ill,  Part  iu) 


1.  Cyphosoma  macrostoma,  Duncan  <£•  Sladen.   Plate  XXII,  Figs.  8-10. 

Test  of  moderate  size,  circular  in  marginal  contour,  much  depressed,  the  diameter 
being  more  than  twice  and  a  half  the  height,  flatly  convex  above,  slightly  concave 
beneath,  not  greatly  impressed  around  the  peristome,  which  is  large ;  margin  rounded 
and  tumid. 

Ambulacral  areas  comparatively  wide,  more  than  half  the  breadth  of  the  intcrambu- 
lacral  area.  Poriferous  zones  straight,  or  with  a  slight  tendency  to  flexure ;  pores 
arranged  in  simple  pairs,  excepting  at  the  peristome,  where  there  is  a  little  crowding, 
and  a  few  biserial  pores  or  even  arcs  of  three  are  produced.  The  pores  of  a  pair  are 
separated  by  a  slight  eminence,  and  a  costal  ridge  is  produced  from  this  along  the  upper 
margin  of  the  inner  pore,  by  which  this  is  separated  from  the  neighbouring  pore  of  the 
succeeding  pair.  The  ridge  is  not  prolonged  between  the  outer  series  of  pores,  and  at 
its  inner  extremity  usually  terminates  in  a  granule  on  the  ambulacral  plate.  The  inner 
pore  is  transversely  elongate,  larger  than  the  circular  outer  pore,  aud  is  excavated  out 
of  the  adoral  margin  of  the  plate.  There  are  four,  or  occasionally  rive,  poriferous  plates 
to  each  whole  ambulacral  plate.  The  interporifcrous  areas  have  two  rows  of  large 
primary  tubercles,  14  or  15  in  each  series;  these  tubercles  an-  crenulate  and  imperfo- 
rate and  occupy  most  of  the  plate,  and  are  accompanied  by  a  few  unequal-sized  and 
irregularly-placed  granules,  a  more  or  less  definite  row  often  occurring  on  the  aboral 
margin  of  the  plate.    None  of  the  granules  can  be  said  to  rank  as  secondary  tubercles. 

Interambulacral  areas  with  two  rows  of  large  primary  tubercles,  12  or  13  in  each, 
very  slightly  larger  than  those  of  the  ambulacral  areas,  which  they  resemble  in  every 
respect,  and  diminish  slightly  in  size  towards  the  apical  extremity  of  the  series.  The 
primary  tubercles  are  placed  rather  nearer  to  the  median  interambulacral  line  than  the 
middle  of  the  plate.  Between  the  primary  tubercle  and  the  poriferous  zone  are  two 
rather  large  secondary  tubercles,  one  above  the  other  and  slightly  oblique,  the  upper- 
most being  rather  nearer  to  the  primary  tubercle.  This  double  series  does  not  extend 
very  far  beyond  the  ambitus  on  the  abactinal  surface,  but  is  continuous  up  to  the  peri- 
stome, the  tubercles  being  considerably  diminished  in  size.  Several  small  and  irregu- 
larly-placed granules  are  present  on  either  side  of  the  secondary  tubercles,  and  a  few 
similar  and  unequal-sized  granules  occupy  the  inner  portion  of  the  plate  between  the 
primary  tubercle  and  the  median  suture,  one  standing  near  the  inner  extremity  of  the 
aboral  margin  being  usually  the  largest  in  the  neighbourhood  of  the  ambitus,  but  much 
too  insignificant  to  be  ranked  as  a  secondary  tubercle.    The  miliary  zone  along  the 
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median  lino  of  tho  internmbulncral  area  is  not  naked.  Eight  to  ten  pairs  of  pores  stand 
opposite  two  of  the  interambulacral  plates. 

Peristome  very  wide,  equal  in  diameter  to  one  half  of  the  diameter  of  the  test, 
circular  or  subdecagonal  in  outline,  rather  deeply  indented  by  wide,  well-developed 
mouth-slits.  The  peristomial  margin  of  the  ambulacral  area  is  very  broad  and  convex 
towards  the  mouth,  with  a  graceful  incurving  at  the  median  line.  The  margin  of  the 
interambulacral  areas  is  comparatively  straight  between  the  limits  of  the  slits,  slightly 
convex  in  the  median  portion,  and  faintly  inclined  on  either  side  adjacent  to  the  sharp 
angular  prominence  formed  by  the  slit.  The  margins  of  the  slit  are  thickened  and 
turned  backward. 

Apical  disk  wanting.  The  vacant  space  is  of  moderate  size,  nearly  equal  to  one 
third  of  the  diameter  of  the  test. 

Remarks.  Although  this  form  is  very  depressed,  and  scarcely  so  turban-shaped  as 
a  typical  Cy[mosoma,  the  slightly  sinuous  poriferous  zones,  the  large  primary  tubercles, 
and  the  wide  peristome  all  warrant  its  inclusion  in  that  genus.  The  species  is  distin- 
guished from  any  with  which  we  are  acquainted  by  the  position  of  the  primary  tubercles 
on  the  interambulacral  plates,  and  by  the  accompanying  pair  of  obliquely-placed 
secondaries,  together  with  the  large  and  well-characterized  peristome. 

Dimensions. 

Diameter  of  the  test  .  .  . 
Height  of  the  test  .... 
Diameter  of  i>eristome  .  .  . 
Diameter  of  apical  disk    .  . 

Locality.  Khirthar  series  of  strata.  Probably  from  the  Lower  Nummulitic  Lime- 
stone: picked  up  in  the  infra-Xummulitic  area.  Hills  under  Jakhmari  Peak,  Laki 
ran«e,  west  of  Amri.     Survey-number  G'^\ 

Illustrations  of  the  Species  in  Plate  XXII. 

Pig.  S.  Profile  view  of  the  test :  natural  size. 

H.  Acttnal  view  of  the  test,  showing  peristome:  natural  size. 
10.  Ambulacral  and  interambulacral  plates:  magnified 


2.  Cyphosoma  iWD.m-M,  Duncan  &■  Sladen.    Plate  XXII,  Figs.  1 1  &  12. 

There  is  a  test  in  the  Khirthar  series  of  a  rather  large  species  of  Echinoid  which 
we  refer  to  this  genus  ;  but  unfortunately  the  specimen  is  so  badly  preserved,  and  the 
greater  portion  of  the  detail  so  obscurely  masked  by  a  thin  layer  of  matrix,  that  a 
complete  description  is  impossible.  The  following  particulars  are  all  that  can  be 
furnished : — 
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Test  circular  in  marginal  contour,  considerably  depressed,  the  diameter  being  about 
twice  and  a  half  the  height,  regularly  convex  above,  sloping  down  to  a  rather  thin 
margin  or  side,  which  is  rounded  and  only  slightly  tumid. 

Ambulacral  areas  less  than  one  half  the  breadth  of  the  interambulacral  areas.  Fori* 
ferous  zones  very  flexuons  at  the  ambitus,  where  there  are  six  or  seven  poriferous  plates 
to  each  whole  or  compound  ambulacral  plate,  and  the  pairs  of  purcs  are  arranged  in  a 
vertical  semicircular  arc.  Towards  the  apical  portion  of  the  area  the  poriferous  zones 
become  straighter,  and  the  pairs  of  pores  stand  in  almost  simple  rectilineal  series.  The 
ambulacral  plates  bear  one  largo  primary  tubercle  and  a  few  widely  spaced,  uniform, 
but  irregularly  disposed  granules  on  the  inner  portion  of  the  plate,  and  also  a  few  on 
the  aboral  margin  of  the  plate. 

The  interambulacral  plates  arc  w  ide,  w  ith  one  large  primary  tubercle,  equal  in  size 
to  those  of  the  ambulacra,  placed  exactly  in  their  midst,  and  surrounded,  except  on  the 
adoral  side,  by  a  more  or  less  indistinct  circlet  of  granules.  There  is  one  small 
secondary  tubercle  midway  between  the  primary  and  the  poriferous  zone,  and  two  or 
three  small,  scattered  miliarics.  The  inner  portion  of  the  plate  is  occupied  only  by  a 
few  uniform  and  very  widely  spaced  granules,  which  are  quite  irregular  in  their  arrange- 
ment, the  general  paucity  of  granules  giving  a  very  naked  appearance  to  the  plate.  The 
primary  tubercles  are  crenulate  and  imperforate,  the  ambulacral  series  being  equal  in 
size  to  the  interambulacral. 

Remarks.  In  profile  view  and  in  many  of  the  points  of  detail  this  form  would  seem 
to  present  some  superficial  affinities  to  the  Echinoid  named  Eehinometra  Thomsoni  by 
d'Archiac  and  Ilaime  *.  It  differs,  however,  in  several  of  the  most  essential  particulars 
recited  by  those  authors  in  their  description;  and  it  would  obviously  be  impossible  to 
draw  a  just  comparison  between  the  fragmentary  material  at  our  disposal  and  the 
species  in  question,  without  a  direct  comparison  with  the  type  ;  respecting  the  generic 
association  of  which  we  may  here  remark  that  we  feel  much  hesitation  in  accepting  the 
determination  of  our  learned  predecessors.  The  type  of  Eehinometra  Thomsoni,  d'A.  & 
H.,  is  not  to  be  found  in  the  collection  at  the  Geological  Society  in  London.  There  is, 
however,  a  specimen  which  corresponds  with  the  fig.  13a  (loc.  cit.)  and  which  bears  a 
ticket  in  the  handwriting  of  M.  J.  Ilaime  inscribed  "  Eehinometra  Forbesi,  J.  Haime." 
This  specimen  is  in  a  much  better  state  of  preservation  than  the  Sindian  fossil  under 
notice,  and  we  consider  it  to  be  a  different  species.  The  arcs  of  pores  are  more  curved, 
and  the  curvature  is  maintained  up  to  the  apex,  whereas  in  our  form  the  poriferous 
zones  become  straight.  The  secondary  tuberculation  is  much  more  developed,  and 
there  is  much  difference  in  the  contour  and  general  facies.  Furthermore,  M.  liaime's 
type  is  in  a  red  matrix,  resembling  that  of  the  Kanikot  scries,  whilst  the  present  fossil 
is  from  the  true  Numraulitic  Limestone.  Carefully  weighing  the  foregoing  considera- 
tions, wo  feel  justified  in  regarding  the  Khirthar  specimen  as  an  independent  species. 
It  is  much  to  be  desired  that  more  perfect  material  will  be  forthcoming,  in  order  that 
the  description  may  be  completed. 


•  An.  foss.  do  rinde,  p.  i!07,  pi.  jiii,  figs.  Via,  134. 
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Dimensions. 

raillim. 

Ditiractcr  of  the  test  42 

Height  of  the  test  17 

Relative  proportion  of  the  ambulacral  to  the  interambulacral  area,  at  their  greatest 
breadth,  42  4  per  cent. 

locality.  Khirthar  series  of  strata.  Dharan  Pass  (east  side),  near  Laki.  From 
the  white  limestones  above  the  shales.    Survey-number  °^2. 

Illustrations  of  the  Species  in  Plate  XNII. 

Fig.  11.  Outline  of  the  profile  contour  of  the  test  :  natural  size. 
12.  Ambulacral  and  interambnlacrnl  plates:  magnified. 

Genus  MICROPSIS,  Cottemu  1856. 

Test  of  moderate  size,  circular,  subhemispherical  or  often  more  or  less  inflated, 
concave  beneath. 

Poriferous  zones  straight.    Pores  arranged  in  simple  pairs  in  uniserial  series. 
Primary  tubercles  in  both  series  relatively  small,  delicate,  and  numerous,  finely 
crenulate,  imperforate,  and  forming  more  or  less  regular  vertical  series. 
Peristome  small  and  slightly  indented. 

From  the  above  diagnosis  it  will  be  seen  that  the  differences  which  separate  this 
genus  from  Cyphosoma  are  individually  those  of  degree  only— the  uniserial  poriferous 
zones,  the  small,  delicate,  and  comparatively  more  numerous  primary  tubercles,  and  the 
small  and  slightly  indented  peristome  being  the  characters  upon  which  the  division  is 
based.  Although  the  value  of  these  characters  per  se  would  appear  small,  their  com- 
bination produces  a  facies  very  different  from  that  of  an  ordinary  Cyphosoma.  On  this 
account  it  seems  convenient  to  retain  the  section,  although  its  zoological  validity  might 
well  be  contested,  as  P.  de  Loriol  has  already  pointed  out*. 

1.  Micnorsis  venusti  la,  Duncan  if-  Stadcn.    Plate  XXII,  Figs.  1-7. 

The  test  is  of  moderate  size,  circular  or  suhpentagonal  in  marginal  contour, 
depressed,  height  less  than  one  half  the  diameter,  regularly  convex  above,  concave 
beneath,  and  rather  deeply  impressed  around  the  peristome,  which  is  small ;  margin 
well  rounded  and  tumid. 

Ambulacral  areas  narrow,  less  than  one  half  the  breadth  of  the  interambulacral 
area  at  the  widest  part,  slightly  prominent,  the  interporiferous  area  being  somewhat 
raised.  Poriferous  zones  straight,  pores  arranged  in  simple  series  throughout,  no 
doubling  present  either  at  the  apical  or  peristomial  extremity.  The  pores  of  a  pair  are 
separated  by  a  slight  granuliform  eminence,  and  a  faint  costal  ridge,  appearing  as  lateral 
prolongations  of  the  granule,  occurs  on  the  aboral  margin  of  the  ambulacral  plate,  ami 

•  l>escri[i.  Eehin.  tert.  <!«■  Li  Suisse,  p.  2ii  (Mt;m.  Six\  I'al  '•out.  Suisse,  vol.  ii.). 
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thus  separates  the  adjoining  pairs  of  pores.  The  inner  pore  of  each  pair  is  close  to  the 
adoral  margin  of  the  plate,  often  excavating  it ;  the  outer  pore  is  midway  between  the 
margins.  There  are  three  poriferous  plates  to  each  whole  ambulacial  plate.  The  inter- 
poriferous  areas  have  two  rows  of  primary  tubercles,  nbout  18  to  20  in  each,  one 
standing  close  to  each  poriferous  zone.  The  tubercles  are  crenulate,  have  a  moderately 
large  imperforate  mamelon,  and  arc  little,  if  at  all,  less  than  the  primary  interambu- 
lacral  tubercle*.  A  few  irregularly-disposed  and  widely-spaced  granules  occupy  the 
plate  on  the  inner  side  of  each  primary  tubercle.  Near  the  ambitus,  and  extending  up 
to  the  peristome,  one  of  the  granules  in  each  plate  is  much  larger  than  the  rest  and  is 
mammillated  ;  and  these  form  two  alternating  series  of  small  secondary  tubercles.  Each 
of  the  marginal  primary  tubercles  is  separated  from  its  neighbour  by  a  regular  trans- 
verse line  of  three  small  granules,  which  stands  on  the  aboral  margin  of  the  plate. 

Interambulacral  areas  wide,  twice  and  a  half  the  breadth  of  the  ambulacral 
areas,  and  are  furnished  with  two  rows  of  primary  tubercles,  15  to  17  in  each  ;  these 
are  placed  rather  nearer  to  the  poriferous  zone  than  midway  on  their  respective  plates. 
At  the  ambitus  there  is  a  moderate-sized  secoudary  tubercle  at  either  side  of  the  pri- 
mary. The  inner  series  does  not  extend  very  far  abactinally  above  the  ambitus,  and 
becomes  insignificant  towards  the  peristome.  The  outer  series  extends  rather  further 
on  the  aha<  tinal  surface,  but  disappears  entirely  about  midway  between  the  ambitus 
and  apex.  The  primary  tubercle  is  surrounded  by  a  more  or  less  distinct  circle  of  small 
miliary  granules,  which  is  confluent  with  the  neighbouring  circle  on  the  lower  margin. 
The  plate  is  further  ornamented  with  a  small  number  of  widely-spaced,  irregularly- 
disposed,  unequal  granules,  and  a  well-defined,  naked,  miliary  zone  is  preserved  from 
the  ambitus  up  to  the  apical  disk.  The  primary  tubercles  maintain  their  size  very 
uniformly  throughout  the  series,  the  diminution  towards  the  extremities  being  very- 
slight.  There  are  eight  or  nine  pairs  of  pores  opposite  two  of  the  interambulacral 
plates  of  the  ambitus. 

Peristome  decagonal,  small,  impressed:  diameter  rather  more  than  one  third  the 
diameter  of  the  test.  Mouth-slits  rather  deep,  w  ide,  and  well  rounded,  margined  with  a 
slight  rim. 

Apical  disk  well  developed,  though  forming  a  rather  narrow  ring  ;  periproctal  aper- 
ture suboval,  with  the  right  posterior  ocular  plate  always  included.  The  other  oculars, 
arc  smaller,  regularly  pentagonal  in  outline,  and  the  puncture  is  minute  and  situated  at 
the  extreme  edge  of  the  adoral  margin.  The  genital  plates  are  somewhat  broader  than 
long,  the  adoral  prolongat  ion  rather  acute ;  the  genital  pores  arc  large  and  oval,  and 
placed  nearer  to  this  angle  than  to  the  periproctal  margin.  The  right  anterior  genital 
plate  is  scarcely  larger  than  the  others,  and  bears  a  compact  prominent  subtubercular 
madreporiform  body  ;  the  other  four  genitals  have  a  row  of  four  or  live  granules  along 
their  margin,  and  there  are  two  or  three  on  the  included  ocular.  The  excluded  oculars 
have  a  single  granule  on  the  centre  of  the  plate. 

Variatiom.  The  form,  as  a  whole,  is  remarkably  constant,  the  chief  variations 
noticed  being  those  which  affect  the  marginal  contour,  tending  to  a  more  or  less  penta- 
gonal outline,  in  consequence  of  the  inflation  of  the  radial  areas,  and  the  greater  or  less 
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development  of  the  secondary  series  of  tubercles  on  the  interambulacral  plates,  these  in 
some  examples  being  confined  to  the  ambital  region,  whilst  in  others  they  extend 
further  towards  the  peristome  or  towards  the  apex,  sometimes  the  inner  and  sometimes 
the  outer  series  being  the  most  extensive. 

Remark*.  This  species  cannot  be  mistaken  for  any  of  its  Indian  congeners ;  the 
form  of  the  test,  the  small  and  regular  tuberculation,  and  the  small  peristome  readily 
characterize  it.  It  is  distinguished  from  the  Egyptian  M.  inokaftanenxi.s,  Cotteau,  by 
the  form  of  the  test,  which  is  less  turban-shaped  and  more  subconically  convex  abac- 
tinally,  by  the  shorter  series  of  secondary  tubercles  on  the  interambulacral  plates,  and 
by  the  much  more  scanty  miliary  granulation.  Micropsia  reuitstuta  has  very  close 
resemblance  to  Cyphosoma  sujurbttm,  Dames,  from  San  Giovanni  llarione,  but  differs  in 
the  form  of  the  test,  and  in  having  the  secondary  tubercles  of  the  interambulacral  plates 
smaller,  less  regular,  and  more  confined  to  the  region  of  the  ambitus.  The  primary 
tubercles  are  also  smaller.  M.  venustuia  resembles  ('.  stuperbum  in  having  straight  uni- 
serial  poriferous  zones  ;  and  the  differences  which  separate  the  two  forms  geuerically 
appear  to  be  very  slight,  and  may  well  in  such  a  case  suggest  doubts  as  to  the  propriety 
of  maintaining  both  the  genera  as  distinct. 

Dimension*, 


a. 

». 

millim. 

c. 

milliiu. 

d. 
millir 

Diameter  of  the  test   .  . 

nu  «n. 

21 

206 

1G 

Height  of  the  test  .    .  . 

.  10 

u 

10 

8 

Diameter  of  peristome 

.  8-25 

7 

6 

Localities.  In  the  Khirthar  series  of  strata  : — i.  Twenty-four  miles  west  of  Kotri 
(entering  the  hills  on  the  road  to  Hula  Khan's  Thana).    Survey-number  A  large 

series  of  specimens  were  obtained  from  this  locality. 

Several  examples  were  also  found  at 

ii  (Jagar  Hill,  east  side  of  the  Surjiina  range.    Survey-number  a™. 

Hlmtrntions  of  the  Specie*  in  Plate  XXII. 

Fig.  1.  Profile  view  of  the  test:  magnified  twice. 

2.  Ahactinal  view  of  the  test :  natural  size. 

3.  Actiual  view  of  the  test,  showing  peristome  :  natural  size. 

4.  Abactinal  view  of  the  test  of  a  pentagonal  variety :  natural  size. 

5.  Apical  disk:  magnified  7  times. 

G.  Ambulacral  and  interambulacral  plates :  magnified. 

7.  Diagram  of  the  poriferous  plates  of  the  ambulacral  plate. 
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Sub/amil,,  TEMSOPLEURin+E. 

Genus  TEMNEC1TINUS,  Forbes,  18.32. 

Test  spherical  or  tumidly  turban-shaped.  Poriferous  zones  almost  straight.  Plates 
erf  the  ambulacral  and  interambulacral  areas  with  fossettes  upon  their  horizontal 
sutures.  Primary  tubercles  non-crenulnte  and  imperforate.  (Occasionally  a  creuulate 
tubercle  is  seen.)  Apical  system  well  developed  and  regular.  Peristome  small,  sunken, 
and  with  very  small  indentations. 

In  a  former  page  (part  ii.  p.  3G)  we  have  remarked  at  length  on  various  genera  of 
the  subfamily  Temnopleuridie.  Furthermore,  from  the  study  of  a  large  series  of 
specimens  in  various  states  of  preservation  obtained  from  higher  beds  than  those 
to  which  the  present  fragment  is  assigned,  we  have  been  enabled  to  discuss  critically  • 
the  group  of  species  referred  by  d'Archiac  and  Ilaime  to  the  genus  Temnopleurus. 
We  have  there  shown  that  none  of  the  forms  described  in  the  '  Animaux  fossiles  de 
lTnde 1  belong  to  Temnopleurus,  in  that  they  are  deficient  in  the  special  sutural  pits 
and  the  knob-and-sockct  jointing  of  the  plates,  which  have  been  demonstrated  by  one 
of  us  f  to  characterize  the  Temnopleur'nltr ;  in  that  they  possess  a  peculiar  superficial 
ornamentation  on  the  plates,  which  does  not  occur  in  the  true  Temuopleuri ;  and  in 
that  the  tubercles  are  non-crenulate  and  imperforate,  whilst  those  of  Temitophurus  are 
crenulate  and  perforate.  On  the  other  hand,  the  Indian  species  under  notice  accord 
in  every  essential  point  with  the  genus  Temnechinus  of  Forbes  ;  and  it  is  gratifying  that 
the  additional  material  at  our  disposal  ha_s  enabled  us  to  confirm  the  position  taken  by 
him. 

1.  Temsecuixus  RorssEAUi,  d'Archiac,  sp.    Plate  XXII,  Figs.  13  &  14. 

Tomnoplourua  Rousaeaui,  cTArtliiae  (1N50),  Hitl.  tt*» /<i-»/n*  de  la  GV»f.  t.  jii.  j>.  2.*»7. 
 ,  d"Arehiae  <$•  Enimt  (1853),  Ikurip.  A».f<m,  <U  I'M*,  p.  *V>,  pi.  xiii,  (1?.  10. 

There  is  a  single  fragmentary  test  of  a  small  Eehinoid  in  the  collection  from  the 
Khirthar  series  which  we  refer,  although  with  much  hesitation,  to  d'Archiac  and 
Haime's  species.  The  fossil,  unfortunately,  is  in  such  a  weathered  and  unsatisfactory 
state  that  an  accurate  determination  is  impossible.  All  the  types  of  MM.  d'Archiac 
and  Haime's  species  of  Temnopleurus  in  the  collection  of  the  Geological  Society  are  also 
very  badly  preserved,  and  it  is  often  impossible  to  make  out  the  details  delineated  in 
the  exquisite  drawings  in  the  '  Animaux  fossiles  de  lTnde.'  It  appears  to  us  that  the 
imagination  of  the  artist  has  been  guided  by  ink-spots  placed  in  the  cavities  and  other 
marks. 

The  following  are  the  particulars  of  such  detail  as  can  be  noted  in  the  fragmentary 
specimen  before  us:— 

'The  TVrtUry  Po«il  BeUnaidM  of  Kachh  md  K»Mvw»r* (1883),  p.  51 
P.  Martin  Duncan,  Joura.  Linn.  Si>.\,  ZoA.  vol.  xvi.  p.  313. 
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Test  small,  circular  in  marginal  contour,  moderately  high  and  Bubconical  above, 
height  nearly  equal  to  two  thirds  of  the  diameter,  gently  rounded  at  the  margin  and 
flat  beneath.  Peristome  subcircular  or  decagonal,  equal  in  diameter  to  one  third  of 
the  diameter  of  the  test.  Mouth-slits  very  faintly  indented.  Ambulacral  areas  nearly 
equal  in  width  to  two  thirds  of  the  breadth  of  the  interambulacral  areas  (4  mm.  to 
G  o  mm.  accurately).  Poriferous  zones  rather  wide,  pairs  of  pores  arranged  in  oblique 
lines  of  threes.  There  are  three  poriferous  plates  to  each  whole  ambulacral  plate,  the 
middle  one  being  small  and  wedge-shaped,  hardly  more  than  half  the  breadth  of  the 
other  two,  between  which  it  has  the  appearance  of  being  intercalated.  The  pair  of 
pores  borne  by  this  small  median  plate  is  the  last  and  most  outward  pair  of  each  of  the 
oblique  lines  of  threes  ;  whilst  the  first  pair  of  the  oblique  series,  which  is  also  the  most 
inward  and  aboral,  is  borne  on  the  lowest  or  adoral  poriferous  plato  of  the  next  more 
aboral  ambulacral  plate.  The  three  pairs  of  pores  which  constitute  the  oblique  lines 
of  threes  consequently  do  not  correspond  with  the  three  pairs  of  pores  comprised  in 
each  individual  ambulacrnl  plate.  The  tuberculation  of  the  test  is  entirely  destroyed 
and  the  ambulacral  plates  are  weathered  down  so  as  to  become  roof-shaped  and  bevelled 
towards  the  aboral  and  adoral  margins.  There  appear  to  be  traces  of  two  rows  of 
primary  tubercles  in  the  interporifcrous  area,  placed  marginally ;  and  there  are  also 
traces  of  vertical  prolongations  (!  costal  ridges)  uniting  the  primary  tubercle  with  its 
succeeding  neighbour. 

The  ornamentation  of  the  interambulacral  areas  is  similarly  destroyed,  and  the 
plates  are  roof-shaped  and  bevelled  down  to  the  adoral  and  aboral  sutures,  like  the 
plates  of  the  ambulacral  area.  Traces  exist  of  a  central  primary  tubercle  accompanied 
at  the  ambitus  by  two  smaller  ones  on  either  side,  thus  forming  a  horizontal  row  of  five 
upon  the  plate.  The  companion  tubercles  decrease  in  number  upon  the  upper  portion 
of  the  abactinal  surface  and  towards  the  peristome,  the  central  primary  alone  being 
present  at  the  apex,  whilst  three  are  continued  to  the  peristome.  Vertical  prolonga- 
tions or  ridges  proceed  from  each  of  the  tubercles  and  unite  them  with  the  correspond- 
ing tubercles  of  the  neighbouring  plate  in  vertical  succession,  producing,  along  with  the 
effects  of  weathering,  the  remarkable  horizontal  series  of  round,  isolated,  pit-like  cavities 
along  the  suture-lines  of  the  interambulacral  plates.  If  these  were  filled  in  with  ink, 
as  in  d'Archiac  and  llaime's  type  specimen,  the  similarity  would  be  complete. 

Bemarks.  We  have  little  doubt  that  the  fossil  under  consideration  is  the  same 
species  as  that  described  in  the  monograph  of  our  French  predecessors ;  but  the  condi- 
tion of  the  specimen  is  such  as  to  render  it  perfectly  useless  for  any  critical  purposes. 
From  the  lithological  appearance  we  have  very  grave  doubts  about  this  specimen  really 
belonging  to  the  Khirthar  series.  It  is  possible  that  some  mistake  may  have  been  made  in 
the  locality  assigned  to  the  specimen,  and  we  would  urge  caution  in  accepting  this  as  a 
Khirthar  form  until  further  verification  is  forthcoming.  These  doubts  are  strengthened 
by  the  fact  that  T.  Nousseaiti  (together  with  the  other  species  of  Temnechini  described 
by  d'Archiac  and  II aim e  as  Temnopleuri)  are  in  reality  Miocene  species;  and  to  this 
we  have  referred  at  greater  length  in  the  'Description  of  the  Echinoidea  of  Kachh  and 
Kattywar.* 
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Dimensions.  Diameter  of  the  test  18  millim.;  height  11  millira. ;  peristome 
6  millim. 

Locality.  ( iagar  Nala,  near  the  Darwat,  on  the  Buran.  (Khirthar  series  of  strata.) 
Survey-number 

Illustrations  of  the  Species  in  Plate  XXII. 

Fig.  13.  Profile  view  of  the  test :  magnified  twice. 

14.  Ambulacral  and  interambulacral  plates :  magnified. 


OnfcrECHINOIDEA  EXOCYCLICA. 

Suborder  GXATHOSTOM  ATA. 
Family  COXOCLYPEW.E. 
Genua  COXOCLYPEUS,  Agamx,  1840  (amended). 
(Sv  antti,  p.  51,  I'art  ii.) 

1.  CoNoei/VPKi's  Ai.VKoi.ATrs,  Duncan     Sladen.    Plate  XXIII,  Figs.  1-G. 

The  tost  is  of  large  size,  marginal  contour  oval,  slightly  protruding  posteriorly,  the 
breadth  being  about  eight  ninths  of  the  length.  The  height  is  nearly  two  tbirds  of 
the  length,  and  the  apical  summit  is  rather  excentrie  anteriorly.  Seen  in  longitudinal 
profile,  the  dorsal  convexity  approaches  a  subconoid  outline,  but  with  the  apex  well 
rounded,  and  the  anterior  slope  straighter  and  less  curved  than  the  posterior;  the 
odd  posterior  interradium  is  also  slightly  tumid  or  snbearinnte  along  its  median 
line,  approaching  to  a  subrostrate  prominence  at  the  posterior  extremity.  The  actinal 
surface  is  flat,  very  faintly  impressed  round  the  [icristome,  anil  the  margin,  though 
comparatively  sharp,  is  well  rounded. 

The  apical  disk  is  large.  There  are  four  genital  pores  ;  and  the  whole  of  the 
extensive  central  portion  of  the  system  is  punctured  with  the  pores  of  the  madreporite. 
The  ocular  plates  and  pores  are  exceedingly  minute  and  do  not  encroach  on  the  madre- 
poriform  body. 

The  ambulacral  petals  are  broad  and  equal,  very  widely  open  at  the  outer 
extremity,  and  with  no  tendency  to  converge.  The  upper  portion  of  each  of  the  petals 
is  sunken  in  a  well-defined  depression  of  the  test,  which  gradually  disappears  however, 
towards  the  outer  fourth  of  the  petal,  where  the  interporiferous  zone  is  flush  with  the 
rest  of  the  test,  the  petals  reaching  almost  to  the  margin.  This  depression  of  the 
ambulacral  areas  gives  a  very  prominent  and  almost  gibbous  character  to  the  intcrradial 
portions  of  the  test  on  the  upper  portion  of  the  abac-final  surface.  The  poriferous 
zones  are  very  broad,  the  width  increasing  gradually  from  the  apex  to  the  inner  third 
of  the  petal,  and  then  decreasing  slowly  up  to  the  outer  extremity.   The  outline  formed 
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by  the  outer  series  of  pores  in  a  petal  is  lanceolate  and  widest  about  the  middle  of  the 
petal,  and  somewhat  constricted,  or  less  wide,  at  the  outer  extremity.  The  inner  series 
of  pores  form  straight  lines,  which  open  out  or  diverge  gradually  in  an  increasing 
degree  from  the  apex  to  the  extremity.  The  interporiferous  area  is  consequently  a 
wedge-shaped  bond,  its  width  being  equal  to,  or  only  very  little  greater  than,  the  pori- 
ferous zone  at  the  portion  of  the  petal  where  this  is  widest ;  but  the  width  of  the  area  is 
doubled  at  the  outer  extremity  of  the  petal.  The  pores  of  a  pair  arc  wide  apart  and 
united  by  a  very  conspicuous  furrow,  the  outer  poreB  being  elongate  and  the  inner 
pores  round.  The  divisional  costs  are  but  slightly  broader  than  the  grooves,  and  arc 
ornamented  with  very  minute  granules,  normally  forming  a  single  line,  but  frequently 
becoming  irregular  from  crowding  and  diminution  in  size.  The  ornamentation  of  the 
interporiferous  area  is  close  and  compact,  uniform  with  that  of  the  interradial  areas, 
the  tubercles  being  numerous.  From  the  extremity  of  the  petal  the  poriferous  zone  is 
continued  by  a  series  of  single  pores  placed  in  well-defined  depressions  which  converge  from 
the  ambitus  to  the  peristome  ;  and  the  interporiferous  area  is  very  deeply  and  rather 
suddenly  troughed  or  depressed  near  the  peristome,  giving  great  prominence  to  the 
bourrelcts.  Just  before  this  depression  of  the  ambulacral  area  commences  the  pores 
fall  into  double  series,  although  there  is  some  irregularity  in  their  position,  and  a  few 
additional  pores  ore  sometimes  present.  The  bourrelcts  are  large  aud  conspicuous, 
and  are  emphasized  by  the  depression  of  the  ambulacral  areas  above  mentioned.  The 
b-mrrelet  of  the  odd  posterior  interradium  is  large  and  broader  than  the  rest,  whilst 
the  two  anterior  bourrelets  are  slightly  more  elongate  and  prominent  than  the  posterior. 
The  tuberculation  of  the  bourrelcts  is  larger  than  that  of  the  test  generally,  but  the 
tubercles  become  smaller  and  more  crowded  on  the  sides  of  the  bourrelets  and  on 
the  peristomiol  margin.  The  peristome  is  subcentzal,  pentagonal,  and  very  deeply- 
incised. 

The  periproct  is  elongate,  elliptical,  encroaching  almost  as  much  on  the  margin 
as  on  the  actinal  surface,  to  the  plane  of  which  its  position  is  oblique.  The  margins 
of  the  aperture  are  rather  deeply  and  sharply  rounded  inward.  An  almost  naked 
band,  along  which  the  intermediate  miliary  granulation  is  more  or  less  confluent, 
occupies  nearly  the  whole  of  the  median  line  of  the  odd  posterior  interradium 
between  the  periproct  and  peristome. 

The  tuberculation  of  the  test  is  small,  uniform,  crowded,  and  compact.  The 
primary  tubercles  are  small,  equal-sized,  sunken  in  deep  scrobiculcs,  so  that  the 
mauu'lon  of  the  tubercle  and  the  intermediate  miliary  space  are  on  the  same  level. 
The  scrobicules  are  equidistautly  spaced,  and  the  intermediate  miliary  space  is  less 
than,  or  at  most  only  equal  to,  one  half  the  diameter  of  the  scrobicule.  Although 
usually  worn,  there  are  some  perforated  and  crenulated  tubercles  to  be  seen. 

Remarks.  This  species  differs  from  Conoclypeus  Sindensts,  nobis,  from  the 
Ranikot  series,  in  its  shupc  and  the  construction  of  the  ambulacra ;  and  from  C.  Dela- 
nouei,  de  Loriol,  from  Egypt,  by  the  shape,  by  the  width  of  the  peristome,  and  by  the 
width  of  the  interporiferous  areas. 
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millim. 

Length  of  the  test   92 

Breadth  of  the  test   81 

Height  of  the  test   57 

Breadth  of  the  petal  at  its  widest  part   13  5 

„  „  „       outer  extremity    .    .    .  9  5 

Breadth  of  the  poriferous  zone  at  its  widest  part    .  3-75  to  4 


Locality.  In  the  Khirthar  series.  Surhan  range,  south  of  Eri,  north-east  of  Biila 
Khan's  Thana.    Survey-number  —m  . 

Illustrations  of  the  Species  in  Plate  XXIII. 

Fig.  1,  Abactinal  view  of  the  test :  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

4.  A  bourrelet  and  rudimentary  phyllode :  magnified. 

5.  Terminal  extremity  of  an  ambulacral  petal :  magnified. 

6.  Apical  disk:  magnified. 

2.  Conoclypei's  PiNflcis,  Duncan  <£-  Sladen.    Plate  XXIII,  Figs.  7-11. 

The  test  is  large,  subovoid  in  marginal  outline,  the  greatest  breadth  being  opposite 
the  extremities  of  the  antero-lateral  petals.  The  breadth  is  rather  more  than  nine 
tenths  of  the  length,  and  the  height  is  rather  more  than  three  fifths  of  the  length. 
The  apical  centre  is  slightly  excentric  in  front,  and  the  longitudinal  profile,  which  is 
subconoid  in  outline,  shows  the  anterior  to  be  more  arched  and  tumid  than  the 
posterior  curve,  the  odd  posterior  interradinm  being  on  a  gentler  slope  and  faintly 
subcarinate.  The  actinal  surface,  though  flat  generally,  is  slightly  impressed  around 
the  peristome,  and  the  margins  of  the  test  are  well  rounded,  so  that  the  intervening 
portion  of  the  actinal  surface  becomes  rather  tumid  in  character. 

The  apical  disk  is  of  moderate  size.  The  four  genital  pores  are  oval  and  very 
large,  with  the  intermediate  space  occupied  entirely  by  the  madreporiform  body,  the 
surface  of  which  is  also  subtubercular.  The  ocular  plates  slightly  encroach  on  this 
body,  and  the  optic  pores  are  large  and  subtriangular  or  semicircular  in  shape. 

The  ambulacral  petals  are  wide,  flush  with  the  test,  and  somewhat  flexuous  in 
their  course ;  they  are  widely  open  at  their  outer  extremity,  which  terminates  some- 
what abruptly  at  a  little  distance  from  the  margin,  and  there  is  a  faint  tendency 
towards  convergence.  The  poriferous  zones  are  very  wide,  attaining  their  greatest 
breadth  at  about  the  middle  of  the  petal ;  and  the  diminution  of  the  breadth  is  neither 
great  nor  rapid  towards  the  extremity,  where  they  arc  comparatively  broad.  The 
interporifcrous  area  is  nearly  twice  as  broad  as  the  poriferous  zone  at  its  widest  part. 
The  pores  of  a  pair  are  very  wide  apart  and  united  by  a  deep  furrow  ;  the  outer  poro 
is  elongate  and  slit-like,  and  the  inner  pore  round  or  elongately  oval.    The  divisional 
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septum  is  ornamented  with  a  single  row  of  miliary  granules.  The  ornamentation  of 
the  interporiferous  area  is  uniform  with  that  of  the  rest  of  the  test,  and  is  well  spaced. 
The  poriferous  zones  pass  over  the  ambitus  as  a  single  series  of  pores,  and  these 
converge  towards  the  peristome.  On  the  inner  third  of  the  zone,  the  pores  fall  into 
double  series,  placed  obliquely,  but  often  irregularly,  and  with  some  additional  pores. 
The  inner  extremity  of  the  ambulacrum  is  depressed  and  forms  a  constricted  trough 
down  to  the  peristome,  which  greatly  emphasizes  the  bourrelcU.  The  bourrelets  are 
very  large  and  tumid,  the  two  anterior  being  the  broadest  and  most  prominent, 
whilst  the  two  posterior  laterals  are  the  most  pointed  and  least  prominent.  In  the 
neighbourhood  of  the  bourrelets  the  tuberculation  is  larger  than  elsewhere,  but 
becomes  smaller  and  more  crowded  down  the  sides  of  the  bourrelets  and  up  to  the 
margin  of  the  peristome. 

The  peristome  is  large  and  slightly  excentric  in  front.  The  periproct  is  elongate, 
elliptical,  and  entirely  on  the  actinol  surface,  but  close  to  the  posterior  margin  of 
the  test. 

The  tuberculation  of  the  test  is  rather  large  and  more  widely  spaced  than  in  the 
preceding  species,  the  intermediate  miliary  space  being  frequently  greater  than  the 
diameter  of  the  scrobicules,  the  depth  of  these  being  also  less  than  in  the  previous  form. 
On  the  actinal  surface  the  tuberculation  is  larger  and  more  crowded. 

Remarks.  This  species  is  readily  distinguished  from  its  congeners  by  the  plump 
well-rounded  abactinal  surface,  by  the  great  breadth  of  the  ambulacra,  and  by  the 
character  of  the  ornamentation. 

A  fragmentary  fossil  of  a  small  and  badly-preserved  test  we  refer  with  some 
hesitation  to  this  species.  The  marginal  contour  is  more  rotundly  oval ;  and  the 
outline  of  the  abaclinal  surface,  as  seen  in  longitudinal  profile,  shows  the  slopes  to  be 
somewhat  less  full  and  convex  than  in  the  type.  As  the  other  characters  of  the  test 
accord  sufficiently  closely  with  the  form  now  described,  the  differences  may  not 
improbably  be  attributable  to  age  only. 


Dimensions. 


roillim. 

Breadth  of  the  petal  at  its  widest  part  

.  15 

Breadth  of  the  poriferous  zone  at  its  widest  part     .  . 

.  375 

Localities.  In  the  Khirthar  series  of  strata :— i.  Baili,  west  of  Tong.  Survey- 
number  Q™ 

ii.  A  young  example,  which  we  refer  to  this  species,  was  preseuted  to  the 
Geological  Survey ;  the  exact  locality  was  not  known,  but  said  to  be  near  Kotri, 
probably  the  hills  west  of  Kotri.  Survey-number 

S2 


128 


THE  FOSSIL  ECHINOIDEA 


Illustrations  of  the  Species  in  Plate  XXIII. 


Fig.  7.  Abactinal  view  of  the  test :  natural  size. 

8.  Actinal  view  of  the  test :  natural  size. 

9.  Longitudinal  profile  of  the  test :  natural  size. 

10.  Terminal  extremity  of  an  ambulacral  petal:  magnified. 

11.  Apical  disk:  magnified. 


3  Conoclti'kus  RosTitATUS,  Duncan  d  Sladen.    Plate  XXIV,  Figs.  1-4. 

The  test  is  of  large  size,  with  an  elongately  oval  marginal  contour,  somewhat 
angular  or  protuberant  in  the  lateral  interradia,  and  with  a  comparatively  prominent 
rostration  posteriorly.  The  greatest  breadth  occurs  in  the  postero-lateral  interradia, 
and  is  about  four  fifths  of  the  length.  The  anterior  excentricity  of  the  apical  disk  is 
very  slight ;  and  the  greatest  height  of  the  test,  which  is  about  one  half  the  length,  is 
placed  somewhat  posterior  to  this.  Seen  in  longitudinal  profile  the  dorsal  outline  of 
the  test  is  decidedly  subconoidal,  the  anterior  slope  very  slightly  convex,  and  the 
posterior  slope  becoming  tumid  in  the  neighbourhood  of  the  posterior  rostration  and 
terminating  more  or  less  precipitously.  The  outline  of  the  transverse  profile  is  well 
arched,  and  the  margins  of  the  test  are  gently  rounded.  The  actinal  surface  is  almost 
flat,  slightly  impressed  around  the  peristome,  and  merging  with  a  gentle  slope  into  the 
curvature  of  the  margin. 

The  ambulacral  petals  are  broad,  and  each  is  situated  in  a  faint  but  well-marked 
concavity  of  the  test,  which  does  not  terminate  abruptly,  but  extends  laterally  on  to  the 
interradial  areas,  dying  out  gradually.  The  petals  remain  widely  open  at  their  outer 
extremities  and  terminate  abruptly  before  the  margin  is  reached.  The  width  of  the 
petals  is  from  -^fifa  to  of  the  length  of  the  test ;  and  the  width  of  the  poriferous 
zone  is  very  remarkable,  being  at  its  broadest  part  equal  to,  or  even  slightly  greater  than, 
the  width  of  the  interporiferous  area,  being  5  millim  .  or  ^  of  the  length  of  the  test. 
The  diminution  in  the  width  of  the  poriferous  zone  as  it  approaches  the  margin  is 
comparatively  slight,  and  the  last  two  or  three  conjugate  pores  diverge  at  an  angle  from 
the  horizontal,  the  divergence  increasing  gradually  in  each  succeeding  outward  pair,  and  in 
this  manner  emphasize  the  abrupt  termination  of  the  poriferous  zone.  The  width  of  the 
interporiferous  area  at  the  extremity  of  the  petal  is  very  slightly  greater  than  at  the 
widest  part  of  the  petal.  The  inner  pores  of  the  zone  arc  round,  and  the  outer  pores 
elongate,  the  pores  of  each  pair  being  united  by  a  deep  furrow.  The  costte  which 
divide  the  pairs  are  slightly  wider  than  the  furrows  and  are  ornamented  with  a  single 
line  of  small  miliary  granules,  twelve  to  fifteen  or  more  being  present  on  each.  The 
ornamentation  of  the  interporiferous  area  is  similar  in  character  to  that  of  the  inter- 
radial areas,  the  primary  tubercles  being,  however,  rather  more  widely  spaced. 

Peristome  and  surrounding  portions  of  the  test  are  unknown.  Periproct  close  to 
the  posterior  extremity,  and  (probably  V)  encroaching  on  the  margin  ;  but  unfortunately 
the  preservation  of  this  part  of  the  specimens  at  our  disposal  is  unsatisfactory. 

Remarks.  A  specimen  which  was  not  found  in  place,  but  is  referred  by  the 
collectors  to  the  same  locality,  we  consider  to  belong  to  this  species,  although  it 
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presents  some  variation  in  form  when  compared  with  the  type.  The  breadth  is  rather 
less  in  relation  to  the  length,  the  marginal  contour  is  more  angular  in  the  region  of  the 
anterior  intcrradia,  the  posterior  rostration  is  more  produced,  and  the  depressions  in 
which  the  petals  are  placed  are  less  marked  than  in  the  type.  In  all  other  points  the 
correspondence  is  close ;  and  we  see  no  reason  to  separate  the  form  from  ft  rostratus. 
A  very  much  weathered  specimen  from  Rois  Hill,  south  of  Damaj,  we  also  refer  to 
this  species,  although  not  without  reservation.  The  general  form  of  the  test  is  well 
preserved  ;  but  all  detail  on  the  abactinal  surface  is  lost,  hence  definite  comparison  is 
impossible.  The  actinal  surface  is  well  preserved.  The  test  is  smaller  than  the  type,  its 
marginal  contour  is  on  the  whole  more  regularly  oval,  and,  from  the  general  appearance 
of  the  fossil,  we  are  led  to  believe  that  the  ambulacral  depressions  were  very  faint. 

Dimensions. 


a. 
millim. 

b. 

r. 

millim. 

100 

96°' 

87 

.  83 

74 

72 

53 

45 

Width  of  one  of  the  paired  petals  . 

.  15 

14-5 

12-5  (?) 

Localities.  Khirthar  series  of  strata  :-i.  Hills  east  of  Trak.  (Locally  highest 
beds  of  the  group.)  Survey-number 

ii.  Not  found  in  place,  but  referred  to  the  same  locality.  Survey-number 

iii.  Rois  HiU  (east  flank),  south  of  Damaj.  Survey-number 

Illustrations  of  the  9peait»  in  Plate  XXIV. 
Fig.  1 .  Abactinal  view  of  the  test :  natural  size. 

2.  Iiongitudinal  profile  of  the  test :  natural  size. 

3.  A  portion  of  the  left  posterior  ambulacral  petal  at  its  widest  part: 

magnified. 

4.  Terminal  extremity  of  the  same  petal :  magnified. 

4.  Coxocltpeus  oalercs,  Duncan  d-  Sladen.    Plate  XXIV,  Figs.  5-10. 

Three  fragmentary  tests  of  a  well-defined  species  of  Conoclypeus  occur  in  the 
collection  of  Khirthar  fossils.  Unfortunately  noue  of  the  specimens  are  sufficiently 
well  preserved  for  a  complete  description  of  the  form  to  be  given ;  but  the  following 
points  are  observable,  and  serve  to  mark  the  individuality  of  the  species. 

The  test  is  large,  with  an  elongately  oval  or  oviform  marginal  contour.  The 
greatest  height  is  two  thirds  of  the  length,  and  is  situated  very  far  in  front,  which 
gives  the  test  a  conspicuous  excentric  conical  form.  Socn  in  longitudinal  profile  the 
anterior  slope,  which  is  very  steep  and  precipitous,  is  comparatively  flat  and  but  little 
convex  ;  it  bends  rather  rapidly  over  on  the  rounded  apex,  and  is  gently  curved  at  the 
acutely  rounded  margin.  The  posterior  slope,  although  steep,  exhibits  a  much  greater 
incline  than  the  anterior  slope,  and  its  flexure  is  remarkable;  after  proceeding  a 


130 


THE  FOSSIL  ECHINOIDEA 


distance  downward  from  the  well-rounded  apex  the  slope  becomes  flat,  or  even  with  a 
slight  trace  of  concave  inbending,  and  then  gradually  curves  outward  with  a  rather  bold 
convexity  or  tumidity,  and  passes  over  on  to  the  region  of  the  slight  posterior  rostration 
with  a  precipitous  curve.  Tbe  posterior  margin  is  acute.  Seen  in  transverse  profile, 
the  Bides  of  the  test  slope  with  a  regular  convex  curve  of  great  inclination. 

The  actinal  surface  appears  to  have  been  remarkably  flat,  with  a  slight  depression 
towards  the  peristome. 

Apical  disk  very  excentric  anteriorly,  corresponding  with  the  summit  of  the  test. 
Structure  wanting. 

Ambulacra  broad  and  long,  extending  close  to  the  ambitus.  The  right  anterior 
ambulacrum  measures  14  5  millim.  at  its  widest  part,  the  interporiferous  area  being  at 
this  place  6°5  millim.  in  breadth,  and  the  width  of  the  poriferous  zone  here  is  conse- 
quently 4  millim.  This  great  width  is  maintained  for  a  considerable  distance  towards 
the  apex,  and  the  diminution  in  breadth  is  slight  and  very  gradual  until  close  to  the 
summit.  Below  the  point  of  greatest  breadth  the  poriferous  zone  becomes  much 
diminished  in  breadth,  tapering  all  the  way  to  the  extremity,  where  the  pores  are  not 
more  than  1  millim.  apart,  whilst  the  interporiferous  area  is  here  8  5  millim.  across  the 
ambulacra,  which  terminate  without  any  curve.  The  inner  pores  are  transversely  oval ; 
the  outer  pores  long  and  slit-like,  and  arc  united  by  a  straight  deep  furrow.  The  inter- 
vening costa?  are  rather  flat  and  tabular,  ornamented  with  numerous  very  minute 
granules,  twelve  to  fourteen  in  a  line,  with  additional  small  supplementary  granules  at 
the  outer  end,  which  break  the  regularity  of  the  line  and  give  the  appearance  of  a 
small  group,  or  even  two  or  three  lines  near  the  junction  of  the  costa  with  the  neigh- 
bouring interradial  area.  Sometimes  the  additional  granules  are  present  along  the 
whole  costa,  and  the  lineal  character  of  the  ornamentation  is  then  obliterated ;  and 
sometimes  only  a  few  additional  are  present  at  the  inner  and  the  outer  extremity  of  the 
costa  alike. 

The  paired  ambulacra  are  about  equal  in  width,  and  the  odd  anterior  one  is  a 
shade  narrower.  The  antero-lateral  petal  is  bent  slightly  forwards  from  midway  out- 
wards, the  character  being  chiefly  noticeable  in  the  outline  of  the  interporiferous  area ; 
and  the  postero-lateral  petals  are  slightly  sinuous,  in  conformity  with  the  undulations  of 
the  posterior  part  of  the  test,  the  convexity,  which  attains  its  maximum  about  midway 
along  the  petal,  being  directed  forwards.  The  posterior  ambulacra  come  well  back- 
wards, and  the  posterior  interradium  is  considerably  narrower  than  the  postero-lateral 
interradia ;  towards  the  extremity  the  posterior  petals  in  passing  downwards  are 
slightly  curved  forwards.  The  ornamentation  of  the  interporiferous  area  consists  of 
small,  widely  spaced,  primary  tubercles  sunken  in  small  deep  scrobicules,  the  wide 
intermediate  spaces,  which  are  greater  than  the  diameter  of  the  scrobicules,  being 
covered  with  very  small,  definite,  rather  widely  spaced,  uniform,  miliary  granules. 
The  ornamentation  of  the  interradia  is  similar  in  every  way  excepting  that  in  certain 
regions  the  primary  tubercles  are  perhaps  not  quite  so  widely  spaced.  On  the  actinal 
surface  the  character  is  changed,  the  scrobicules  being  larger  and  the  intermediate 
spaces  narrow. 
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The  peristome  is  slightly  excentric  in  fmnt:  unfortunately  the  surrounding 
portions  of  the  test  are  obscured  in  the  specimens  at  our  disposal.  The  structure  of 
one  of  the  posterior  ambulacral  areas  is  well  preserved  between  the  peristome  and  the 
margin ;  near  the  peristome  there  is  a  tendency  to  form  a  double  row  of  pores— an 
appearance  arising  not  so  much  from  additional  pores  as  from  an  alternate  disposition 
of  the  normal  pores  through  a  slight  alteration  of  their  position  on  the  plate ;  a  few 
additional  small  intercalated  plates,  however,  are  present  here  and  there.  Near  the 
margin  the  arrangement  of  the  ambulacral  plates  recalls  that  found  in  Amblypygua — 
namely,  one  very  small  triangular  intercalated  plate  inserted  between  two  large  ones  at 
their  outer  margin,  thus  forming  a  triplet,  which  is  succeeded  by  similar  triplets,  the 
small  intercalated  plates  being  consequently  every  third  plate.  Nearer  the  peristome, 
in  the  form  under  notice,  the  small  intercalated  plate  is  found  between  nearly  every 
other  large  plate,  and  sometimes  two  intercalated  plates  may  occur  together. 

The  periproct  is  preserved  in  only  one  example.  It  is  large,  elongately  oval,  and 
narrow,  with  the  greatest  diameter  corresponding  with  the  longitudinal  axis  of  the  test ; 
it  is  placed  entirely  on  the  flat  actinal  surface  and  comes  up  close  to  the  margin.  The 
major  and  minor  diameters  of  the  aperture  measure  12  millim.  and  6  5  millim. 
respectively. 

Remarks.  Although  only  fragmentary  specimens  of  this  species  have  been  found, 
the  form  is  well  marked  by  the  peculiar  helmet-shaped  outline  of  the  test,  by  the 
character  of  the  ambulacra,  as  well  as  by  the  character  of  the  ornamentation.  In  nono 
of  the  other  Indian  species  are  the  primary  tubercles  so  widely  spaced. 

Dimensions.  The  following  measures  are  only  approximate,  as  no  entirely  perfect 
specimen  is  contained  in  the  collection  : — 

a.  h. 


length  of  the  test    ....    about  90  about  95 

Breadth  of  the  test  ....       „    75  „  77 

Height  of  the  test    ...    .       „    60  „     50  (crushed). 

Another  specimen  is  too  much  damaged  to  permit  of  any  measurements. 
Localities.  In  the  Khirthar  series : — i.  Dharan  Pass  (cast  side),  near  Laki.  Survey- 
number  a|^'". 

ii.  Phitto,  west  side  of  the  Dhriran  range.    Survey-number  -jg-. 

Illustrations  of  the  Species  in  Plate  XXIV. 
Fig.  5.  Abactinal  view  of  a  fragmentary  test :  natural  size. 

G.  Longitudinal  profile  of  the  same  specimen  :  natural  size. 

7.  Longitudinal  profile  of  another  test :  natural  size. 

8.  A  portion  of  an  ambulacral  petal  at  its  widest  part :  magnified.  (Same 

test  as  Figs.  5  and  fi.) 

9.  Terminal  extremity  of  the  Bame  petal :  magnified. 

10.  Portion  of  an  ambulacral  area  on  the  actinal  surface,  showing  the  ar 
ment  of  the  ambulacral  plates  near  the  peristome :  magnified. 


132 


THE  FOSSIL  ECIIINOLDEA 


Family  CL YPEA8TRIDJ2. 


Subfamily  EUCLYPEASTRIDJL 


Genus  ECHINOCYAMUS,  ran  Phelsum,  1774. 


Test  of  small  size,  more  or  less  depressed,  oval,  oblong. 

Ambulacral  summit  central ;  apical  system  compact,  four  generative  pores,  five 
ocular  pores. 

Ambulacra  indistinct  and  scarcely  pctaloid,  open  at  their  extremity.  Poriferous 
zones  with  few  pores,  arranged  in  widely  spaced  pairs.  Pores  of  a  pair  round  and  not 
united  by  a  conjugating  furrow. 

Interambulacral  areas  of  the  test  supported  internally  by  a  pair  of  simple  vertical 
partitions  radiating  from  the  margin  toward  the  peristome. 

Peristome  central,  sub  pentagonal,  with  high  auricles  internally. 

Periproct  oval  or  rounded,  placed  between  the  peristome  and  the  posterior  margin 
of  the  test. 

1.  Echinocyamus  nummuliticus,  Duncan  &■  Sladen.    Plate  XXV,  Figs.  14-20. 

Form  subdepressed,  but  rather  high  for  the  genus ;  marginal  contour  oval,  slightly 
more  contracted  in  front  than  behind.  Abactiual  area  convex,  almost  subconoid,  with 
the  greatest  height  subcentral  or  slightly  excentric  in  front ;  seen  in  longitudinal  profile 
the  posterior  slope  is  somewhat  straighter  or  less  arched  and  less  bombous  than  the 
anterior  slope,  and  the  anterior  margin  is  thicker  and  more  tumid  than  the  posterior. 
The  transverse  profile  is  regularly  convex,  and  its  outline  approaches  the  conoid.  The 
actinal  surface  is  flat,  the  margins  of  the  area  rounding  gently  on  to  the  sides,  which 
are  well  rounded.  There  are  slight  depressions  along  the  median  radial  lines  of  the 
actinal  surface,  more  distinct  in  some  specimens  than  others,  which  give  a  somewhat 
undulating  or  faintly  tumid  character  to  the  area. 

The  apical  disk  is  very  small,  and  the  four  genital  pores  are  scarcely  distinguishable 
from  the  tentacular  pores  of  the  ambulacra.  The  anterior  pair  are  placed  closer 
together  than  the  posterior.  Immediately  between  the  anterior  pair  of  pores  is  a 
rather  smaller  pore,  which  is  probably  the  madrcporic  foramen.  The  ocular  pores  are 
exceedingly  minute,  and  only  visible  under  high  magnification  and  careful  illumination : 
that  of  the  odd  anterior  radius  is  placed  more  outward  than  the  madrcporic  pore,  and 
stands  at  the  apex  of  a  triangle,  almost  equilateral,  whose  base  would  be  represented  by 
a  line  joining  the  anterior  pair  of  genital  pores.  The  anterior  pair  of  ocular  pores 
stand  midway  between  the  antcro-  and  postcro-lateral  genital  pores,  but  more  distant 
from  the  centre,  and  are  consequently  wider  apart  than  the  anterior  pair  of  genital  pores. 
The  posterior  pair  of  ocular  pores  arc  placed  behind  the  posterior  pair  of  genital  porc«, 
that  is  to  say  further  outward,  away  from  the  centre ;  they  are,  however,  much  nearer 
together  than  the  posterior  genital  pores,  being  about  the  same  distauce  apart  as  the 
anterior  pair  of  genital  pores. 

The  ambulacral  petals  are  broad,  short,  subequal,  and  very  rudimentary  in  character. 
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The  poriferous  zones  are  broad,  and  almost  straight  in  their  course  after  attaining 
the  greatest  breadth  of  the  petal:  hence  the  outline  of  the  petals  is  very  slightly 
pe  tabid. 

The  pores  are  round,  equal,  or  with  the  outer  pores  of  a  scone  slightly  largest,  the 
pores  of  a  pair  being  wide  apart  and  with  no  trace  of  conjugation.  The  pairs  of  pores 
are  distinct  from  one  another,  and  there  are  not  more  than  seven  or  eight  in  each  zone. 
The  pairs  of  pores  are  slightly  oblique,  and  the  amount  of  obliquity  increases  in  each 
plate  towards  the  outer  extremity  of  the  poriferous  zone,  the  outer  pore  of  the  last 
pair  being  often  brought  down  till  nearly  in  vertical  series  with  the  inner  pores  of  the 
zone.  The  inner  pores  of  the  companion  zones  of  a  petal  form  vertical  series  parallel 
with  one  another,  and  the  interporiferous  area  is  consequently  of  uniform  width  ;  it  is 
narrower  than  the  breadth  of  the  poriferous  zone  at  its  widest  part;  and  in  some 
specimens  the  surface  of  the  interporiferous  area  appears  to  be  faintly  keeled,  or 
slightly  higher  than  the  interradial  portions  of  the  test. 

The  peristome  is  central,  pentagonal,  and  with  the  margin  concavely  bevelled  out 
of  the  thickness  of  the  test.  The  depth  of  this  bevelled  margin  is  somewhat  empha- 
sized by  the  presence  of  a  slightly  elevated  ridge  round  the  outer  or  external  edge  of 
the  bevel.  Owing  to  the  breadth  of  the  bevel,  the  diameter  of  the  inner  pentagon  or 
actual  margin  of  the  peristome  is  very  little  more  than  one  half  that  of  the  outer 
margin.  The  sunken  edge  is  ornamented  with  small  miliary  tubercles,  sunken  in  small 
scrobicules  and  irregularly  placed;  and  there  are  a  pair  of  conspicuous,  elongatoly 
oval,  buccal  or  peristomic  pores  corresponding  to  each  ambulacrum,  the  pores  of  a  pair 
being  close  together  and  only  separated  by  u  thin  dissepiment.  There  are  two  small 
granule-like  protuberances,  situated  above  the  buccal  pores,  projecting  from  the  peri- 
stomial  margin. 

The  periproct  is  elongately  oval,  placed  longitudinally  and  at  about  midway 
between  the  margin  and  the  peristome.  The  length  is  twice  the  breadth,  and  the 
length  is  about  the  same  as  the  diameter  of  the  inner  margin  of  the  peristome. 

The  tuberculation  of  the  test  is  minute,  and  consists  of  small  primary  tubercles 
sunken  in  deep  scrobicules  irregularly  distributed  over  the  surface,  the  intermediate 
spaces  being  occupied  by  comparatively  large-sized  miliary  granules,  more  or  less 
irregular  in  their  size,  development,  and  promineuce. 

Jiemaris.  The  high  and  broadly  oval  form  of  the  test  and  the  character  of  the 
ambulacra  appear  to  separate  this  variable  form  distinctly  from  any  Xummulitic  species 
with  which  we  arc  acquainted. 

Dimensions.  The  length  of  the  test  is  7  millim.,  the  breadth  6-5  millim.,  and  the 
height  4-25  millim. 

Localities.  In  the  Khirthar  series  of  strata : — i.  Siimbak  Hill,  south-west  of  the 
Vero  plain.  Survey-number 

ii.  East  of  Band  Vero,  north-west  of  Kotri.    Survey-number  ^ff . 

iii.  On  the  road  about  four  miles  west  of  Kotri.  Survey-number  2|»  (One 
imbedded  specimen,  scarcely  determinable.) 

iv.  Near  Petiani,  ten  miles  west  of  Kotri.     Survey-number  We  were  at 
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first  inclined  to  place  the  three  very  small  specimens  from  this  locality  as  a  separate 
variety,  on  account  of  their  greater  rotundity  and  more  depressed  form ;  but,  taking 
into  consideration  the  great  variability  of  the  species  and  the  scanty  material,  we  prefer 
to  place  them  along  with  the  type,  recording  at  the  same  time  this  note. 

Illustrations  of  the  Species  in  Plate  XXV. 

Fig.  14.  Abactinal  view  of  the  test:  natural  size. 

15.  The  same  :  magnified. 

16.  Actinal  view  of  the  test:  magnified. 

17.  Longitudinal  profile  of  the  test:  magnified. 

18.  Transverse  profile  of  the  test :  magnified. 

19.  Apical  disk  and  surrounding  portions  of  the  test :  magnified. 

20.  Peristome  and  surrounding  portions  of  the  test :  magnified. 

Variations.  A  large  series  of  specimens  of  Echinocyamus  are  comprised  in  the 
collections  from  the  Khirthar  series,  and  were  obtained  from  several  localities.  Con- 
siderable variation  occurs  in  the  shape  of  the  test,  and  this  is  found  in  a  series  of 
specimens  from  the  same  locality,  and  appears  to  be  irrespective  of  age  or  size.  The 
variation  chiefly  affects  the  marginal  contour,  which  may  be  more  oval  and  elongate  or 
more  circular  than  the  type  form ;  and  the  test  may  also  be  more  depressed  and  less 
subconoid  in  its  dorsal  convexity.  In  fact  the  species  seems  to  be  as  protean  in  its 
form  as  the  living  representative ;  and  it  can  readily  be  understood  that  a  collector, 
having  only  a  few  specimens  at  his  disposal,  might  be  led  to  consider  that  he  was  dealing 
with  several  species  if  form  alone  were  his  guide. 

The  following  variations,  each  from  different  localities,  appear  to  us  to  be  worthy 
of  more  than  passing  mention ;  and  although  in  some  instances  the  number  of 
examples  is  only  small,  they  seem  to  be  well  marked  and  characteristic.  Even  in  these 
cases,  however,  it  is  not  without  hesitation  that  we  rank  them  as  nominal  varieties, 
after  the  experience  above  recorded  ;  for  the  number  of  specimens  is  not  sufficient  to 
thoroughly  gauge  the  value  of  the  variations.  In  our  present  state  of  knowledge  we 
are  disposed  to  consider  that  they  present  a  locational  character — an  opinion,  however, 
which  can  only  be  offered  with  reserve  until  a  larger  quantity  of  material  is  available 
for  study  from  eacli  locality  ;  for  it  is  unquestionable  that  amongst  a  large  series  of  the 
normal  or  typical  form  there  appear  to  be  near  approaches  to  the  varietal  forms ;  whilst 
similar  approximations  to  the  type  form  are  found  to  exist,  in  more  than  one  instance, 
where  a  tolerable  series  of  the  variety  is  available. 

2.  EcuixocYAMirs  nummvliticvjs,  var.  omcsus.    Plate  XXV,  Figs.  21-24. 

The  contour  of  the  margin  is  more  regularly  ovoid.  Tbe  test  is  relatively  much 
higher,  the  longitudinal  profile  is  more  regularly  arched,  and  the  sides  are  more  tumid 
and  rounded  off  imperceptibly  on  to  the  actinal  surface.  The  examples  of  this  variety 
are  all  small,  the  length  of  the  largest  being  7  millim.,  and  that  of  the  smallest 
4  millim.  In  similar  sized  specimens  of  the  type  form  of  the  species  the  test  is  much 
more  depressed  and  flatter  than  in  the  large  and  fully  grown  specimens ;  whilst  in  the 
variety  under  notice  these  characters  are  reversed. 
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Locality.  In  the  Khirthar  series  of  strata.  Near  the  gorge  of  the  Baran  river,  north- 
east of  Bula  Khan's  Thiina.    Survey-number  °,ff . 

Illustrations  of  the  Variety  in  Plate  XXV. 
Fig.  21.  Abactinal  view  of  the  test:  natural  size. 

22.  The  same :  magnified. 

23.  Actinal  view  of  the  test :  magnified. 

24.  Longitudinal  profile  of  the  test :  magnified. 

3.  Echinoctajius  xcmmuuticts,  var.  oviFORMis.    Plate  XXV,  Figs.  25-28. 

The  marginal  outline  of  this  variety  is  oval,  and  the  test  is  regularly  convex  both 
on  the  abactinal  and  actinal  surfaces,  resembling  the  shape  of  Fibularia  very  closely. 
The  sides  are  very  tumid,  there  is  no  flattening  of  the  actinal  surface,  and  the  test  is 
very  faintly  impressed  round  the  peristome. 

Localities.  In  the  Khirthar  scries :— i.  East  of  Baud  Vero,  north-west  of  Kotri. 
Survey-number  a**. 

ii.  Twenty-four  mileB  west  of  Kotri  (entering  the  hills  on  the  road  to  Bula  Khan's 
Thrina).  Survey-number  a~. 

Illustrations  of  the  Variety  in  Plate  XXV. 

Fig.  25.  Abactinal  view  of  the  test :  natural  size. 
20.  The  same:  magnified. 

27.  Actinal  view  of  the  test :  magnified. 

28.  longitudinal  profile  of  the  test :  magnified. 

4.  EcEurocTAvna  tromivuncra,  var.  planus.   Plate  XXV,  Figs.  29-32. 

The  test  is  low  and  depressed,  elongate  and  pentagonal,  and  the  abactinal  surface  is 
very  slightly  convex.  The  actinal  surface  is  more  or  less  plane,  but  well  rounded  on  to  the 
sides,  and  there  is  a  subrostral  prominence  anteriorly,  and  a  slight  concavity  of  the  whole 
surface  occurs,  running  transversely  through  the  peristome.    length  of  test  7  5  millim. 

Locality.  In  the  Khirthar  series  of  strata.  Twenty-four  miles  west  of  Kotri  (en- 
tering the  hills  on  the  road  to  Bula  Khan's  Thana).  Survey-number 

Illustrations  of  the  Variety  in  Plate  XXV. 

Fig.  29.  Abactinal  view  of  the  test :  natural  size. 

30.  The  same :  magnified. 

31.  Actinal  view  of  the  test:  magnified. 

32.  Longitudinal  profile  of  the  test :  magnified. 

5.  EcinxocYAMis  RoTi'XDUs,  Duncan  d-  Maileti.    Plate  XXV,  Figs.  33-37. 

There  is  a  solitary  specimen  which  we  are  unable  to  refer  to  any  previously  known 
form  of  Kchinoi'yamus;  and  although  it  is  difficult  to  make  out  some  of  the  details  of 
structure  as  thoroughly  us  might  be  desired,  the  general  diameters  appear  to  be  so  well 
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marked  and  distinctive  that  we  feel  obliged  to  regard  it  as  an  independent  species.  No 
other  Clypeastroids  were  obtained  from  the  same  locality. 

The  size  of  the  specimen  is  large  for  the  genus  ;  the  marginal  contour  of  the  test 
is  almost  circular,  slightly  protruding  posteriorly.  The  longitudinal  profile  is  almost 
regularly  convex,  but  slightly  more  tumid  anteriorly  than  posteriorly  ;  the  transverse 
profile  is  regularly  convex,  with  no  tendency  to  a  subcorneal  form,  and  the  height  of 
the  test  is  not  great.  Tho  margin  is  well  and  evenly  rounded,  passing  over  impercep- 
tibly to  the  actinal  surface,  which  is  somewhat  flattened ;  and  there  is  scarcely  any 
impression  around  the  peristome. 

The  apical  disk  is  small  and  central ;  and  the  four  genital  pores  arc  large  and 
occupy  nearly  the  whole  of  the  genital  plates.  The  anterior  pair  of  plates  are  placed 
close  together ;  and  the  madreporic  puncture,  instead  of  being  situate  between  them 
as  in  the  preceding  species,  is  pushed  forward  towards  the  middle  of  the  system. 
The  ocular  plates  arc  exceedingly  minute,  and  fit  in  at  the  outer  portion  of  the 
juncture  of  the  genital  plates.  The  posterior  pair  of  genital  plates  are  wider  apart  than 
the  anterior  pair,  and  their  distance  apart  is  greater  than  that  separating  an  anterior 
from  a  posterior  pore  on  the  same  side. 

The  ambulacral  petals  are  comparatively  long  and  rather  more  developed  in 
character  than  usual  in  Eckinoojamus.  The  poriferous  zones  arc  straight  and  diverge 
as  they  proceed  outward ;  this  character  is  most  marked  in  the  odd  anterior  ambula- 
crum, which  is  much  wider  than  the  paired  petals.  In  this  petal  the  interporiferous 
area  is  three,  or  even  more,  times  the  width  of  the  poriferous  zone  and  wedge-shaped 
in  outline ;  but  in  the  paired  petals  the  interporiferous  area  is  only  a  little  wider  than 
the  poriferous  zone.  The  interporiferous  area  is  perfectly  flush  with  the  level  of  the 
test,  and  there  is  no  tendency  to  form  a  keel.  The  pores  are  equal  or  subequal,  and 
faintly  elliptical  and  placed  oblique,  and  the  pores  of  a  pair  are  almost  equidistant 
throughout  the  ray,  and  there  is  no  trace  of  conjugation  whatever  between  the  pores. 
There  are  ten  or  eleven  pairs  of  pores  in  the  odd  anterior  petal,  and  nine  or  ten  in  the 
paired  petals,  with  one  or  two  singlo  pores  in  each. 

The  peristome  is  pentagonal  and  very  slightly  execntric  posteriorly,  only  a  shade 
removed  from  the  subccntral  position.  The  periproct  is  small  and  elongately  oval, 
rather  nearer  to  the  peristome  than  the  posterior  margin.  No  further  details  respecting 
these  structures  can  be  made  out,  in  consequence  of  the  manner  in  which  the  test  is 
preserved. 

The  tuberculation  of  the  test  is  minute  and  uniform.    The  primary  tubercles 

arc  sunken  in  scrobiculcs,  and  more  numerous  and  crowded  than  in  the  preceding 

species;  and  tho  interspaces  are  consequently  smaller  and  more  homogeneous  in 

character.  Tl .  . 

Dimensions.  millim. 

Length  of  the  test   9 

Breadth  of  the  test   8  75 

Height  of  the  test   5 

Locality.  In  the  Khirthar  series  of  strata.    North  by  east  of  Meting.  Survey 

0  2W) 


Digitized  by  Google 


OF  WESTERN  SIND.  137 

Illustrations  of  the  Species  in  Plate  XXV. 

Fig.  33.  Abactinal  view  of  the  test :  natural  size. 

34.  Abactinal  view  of  the  test:  magnified  four  times. 

35.  Actinal  view :  magnified  four  times. 

36.  Longitudinal  profile :  magnified  four  times. 

37.  Apical  disk :  magnified. 

Genm  SISMONDIA,  Desor,  1857. 
Test  of  small  or  medium  size,  subpentagonal  or  ovoid,dcpressed,  inflated  at  the  margin. 
Ambulacral  summit  central  or  subcentral;  apical  system  compact,  four  generative 
pores. 

Ambulacra  petaloid,  usually  long,  and  more  or  less  open  at  their  extremity.  Pores 
united  by  a  conjugating  furrow.  Interambulacral  areas  of  the  test  supported  internally 
by  a  pair  of  strong,  complex,  vertical  partitions. 

Peristome  central,  sometimes  impressed. 

Periproct  rounded,  placed  between  the  peristome  and  the  margin. 

Prior  to  the  establishment  of  this  genus  by  Desor,  the  species  included  therein 
had  usually  been  placed  in  the  genus  Echinocyamus.  Sismondia  is  distinguished  by 
the  form  of  the  test,  by  the  well-developed  petaloid  ambulacra,  by  the  conjugate  pores, 
and  by  the  greater  development  of  the  internal  partitions. 

1.  Sismondia  polymorpiia,  Duncan  <£•  Sladen.    Plate  XXV,  Figs.  1-13. 

Form  depressed,  marginal  contour  subovoid,  with  a  tendency  towards  the  penta- 
gonal, the  outline  being  slightly  contracted  anteriorly  and  feebly  truncate  posteriorly. 
Abactinal  area  almost  plane,  excepting  the  costulate  interporiferous  areas  of  the  petals. 
The  height  of  the  test  is  small  and  is  rather  less  posteriorly  than  anteriorly,  the  abac- 
tinal surface  sloping  slightly  from  the  apical  centre  of  the  disk  to  the  posterior  extremity. 
The  margin  is  thick  and  well  rounded,  almost  tumid.  The  actinal  surface  is  slightly 
concave,  the  test  being  regularly  and  evenly  depressed  around  the  peristome. 

The  apical  system  is  subcentral  or  very  slightly  excentric  in  front.  The  apical 
disk  is  flush  with  the  test  and  comparatively  broad.  There  are  four  large  genital 
plates  all  touching  one  another;  the  genital  pores  are  large  and  round,  and  the 
anterior  pores  are  much  nearer  together  than  the  posterior.  There  is  no  true 
madreporifonn  body,  but  a  single,  round,  madrcporic  pore  is  present,  situated  rather 
nearer  to  the  right  anterior  generative  pore  than  the  centre  of  the  apical  system. 
The  ocular  plates  arc  very  small  and  somewhat  escutcheon-shaped,  with  the  apex 
directed  away  from  the  disk ;  and  they  occupy  a  place  at  the  junction  of  two  neigh- 
bouring genital  plates.  The  ocular  pits  are  minute  and  elongate  or  slit-like ;  and  in 
well-grown  specimens  the  portion  of  the  plate  on  the  outer  side  of  the  pit  away  from  the 
centre  is  somewhat  elevated,  and  forms  a  slightly  raised  embankment  round  the  aperture. 

The  ambulacral  petals  are  broad,  subequal,  equal  in  length  to  two  thirds  of  the 
distance  between  the  apex  and  the  margin ;  widely  open  at  the  extremity,  where  the 
poriferous  zones  arc  slightly  bent  outward.    The  poriferous  zones  are  equal ;  the  porca 
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arc  round,  the  pairs  slightly  oblique,  and  the  conjugation  scarcely  perceptible.  The 
pores  of  a  pair  are  wider  apart  at  the  inner  third  of  the  zone  and  approximate  gradually 
as  they  proceed  outward,  and  rapidly  towards  the  apex — a  structure  which  emphasizes 
the  marked  and  graceful  petaloid  curve  of  the  zones.  There  are  about  twelve  pairs  of 
pores  in  each  zone.  The  interporiferous  area  of  the  petal  is  sublanceolate  in  outline  and 
very  broad,  equal  in  width  to  more  than  twice  that  of  the  poriferous  zone  at  the  widest 
part.  The  interporiferous  area  within  the  petal  is  postulate  or  tumid — a  feature  usually 
more  marked  in  the  posterior  pair  of  petals  than  in  the  other  three.  The  posterior 
petals  are  more  disticntly  petaloid  in  outline,  in  consequence  of  the  poriferous  zones 
visibly  curving  inward  and  reducing  the  breadth  of  the  interporiferous  area  towards  the 
extremity  of  the  petal.  In  the  three  anterior  petals  the  inner  series  of  pores,  after 
attaining  the  place  of  the  greatest  breadth  of  the  petal,  form  an  almost  straight  line,  and 
the  interporiferous  area  is  consequently  little,  if  at  all,  contracted  towards  the  outward 
extremity  of  the  petal.    The  anterior  odd  petal  is  slightly  smaller  than  the  others. 

There  arc  no  large  pores  in  continuation  of  the  petal-series  visible  on  the  actinal 
surfuce,  but  in  their  place  a  very  great  number  of  minute  and  closely  crowded  foramina 
occupy  the  whole  of  the  horizontal  sutures  between  the  ambulacral  plates  and  also  the 
vertical  sutures  along  the  line  of  junction  of  the  ambulacral  and  interambulacral  plates, 
the  horizontal  series  being  much  more  crowded  and  numerous  close  to  the  peristome. 

The  peristome  is  central,  subdecagonal,  and  with  the  margin  bevelled  inward.  The 
pair  of  buccal  or  peristomial  pores  which  open  into  the  peristomial  margin  of  each 
ambulacrum  are  conspicuous  but  closely  placed ;  and  there  is  a  slight,  tubercular,  roof- 
like development  over  each  pair.  The  periproct  is  circular,  nearly  two  thirds  the 
diameter  of  the  peristome,  and  is  situated  nearer  to  the  margin  than  midway  between 
the  peristome  and  the  posterior  extremity.  The  tuberculation  of  the  test  is  minute, 
sunken  in  deep  scrobicules,  and  rather  widely  spaced. 

Variations.  Considerable  variation  occurs  within  certain  limits  in  the  shape  of  the 
marginal  outline  of  the  test ;  and  these  changes  of  form  are  found  to  be  altogether 
irrespective  of  size  or  age  when  a  large  series  of  specimens  is  examined,  such  as  that 
furnished  by  the  present  collection.  The  contour  may  assume  almost  any  form  between 
an  elongate  ovoid,  similar  to  that  usually  presented  by  the  small  existing  species  of 
Echinocyamu*  (E.pvsillus),  and  the  ovoid  pentagonal  test  characteristic  of  such  living 
urchins  as  Clypeasfcr  subdepressus. 

Remarks.  This  species  presents  some  alliance  to  Sismonilia  Strmamri,  de  Loriol, 
from  the  Nummulitic  of  Egypt,  but  appears  to  differ  in  the  more  pentagonal  outline, 
the  more  inflated  margin,  the  wider  and  more  open  petals,  and  probably  also  in  the 
character  of  the  costulation  of  the  interporiferous  areas. 

A  variety,  var.  sufflata,  nobis,  occurs  in  the  Nummulitic  of  Kachh. 

Dimensions.  The  largest  specimen  measures  11  millim.  in  length,  10  millim.  in 
breadth,  and  about  3  millim.  in  height. 

Others  measure  10  0  millim.  long,  0  00  millim.  broad,  and  about  2  75  high. 

9-3        „         8-25        „  „        300  „ 

7-0        „         5-50        „  „        200  „ 


Digitized  by  Google 


OF  WESTERN  SIND. 


139 


Locality.  In  the  Khirthar  series  of  strata ;  three  or  four  miles  south  of  Trak 
Hill.    Survey-number  <{.™. 

Illustrations  of  the  Series  in  Plate  XXV. 
Figs.  1-8.  Abactinal  view  of  a  series  of  specimens,  to  show  the  variations  of  the  mar- 
ginal outline :  natural  size. 
9.  Abactinal  view  of  the  test  of  the  same  specimen  as  Fig.  8 :  magnified  2J  times. 

10.  Actinal  view  of  the  same  specimen  :  magnified  2£  times. 

11.  Longitudinal  profile  of  the  same  specimen  :  magnified  2^  times. 

12.  Apical  disk  and  surrounding  portions  of  the  test:  magnified. 

13.  Peristome  and  surrounding  portions  of  the  test :  magnified. 

Suborder  ATELOSTOMATA. 

Family  CASSIDULIDJE. 

Subfamily  KCHIXOSK/XA. 

Genus  AMBLYPYGUS,  Agassiz,  1840. 

Test  of  large  size ;  marginal  contour  subcircular  or  ovoid,  more  or  less  convex  above 
and  concave  beneath,  with  thick  margins. 

Apical  summit  subcentral.  Apical  disk  small  and  compact;  four  generative 
and  five  ocular  pores ;  the  madreporiform  body  occupying  the  whole  of  the  central 
portion. 

Ambulacra  petaloid,  widely  open  at  the  outer  extremity,  reaching  nearly  to  the 
margin.  Poriferous  zones  with  the  inner  pores  round  and  the  outer  pores  elongate,  the 
pairs  united  by  a  conjugating  furrow.  The  extrapetaloid  ambulacral  plates  are  each 
punctured  by  a  pair  of  very  minute  pores,  placed  diagonally  and  close  together;  and 
this  extrapetaloid  portion  of  the  poriferous  zone  forms  a  straight,  narrow,  simple  line 
of  pores,  often  scarcely  visible  at  the  margin,  extending  to  the  peristome. 

Peristome  subcentral,  oblique,  subpentagonal,  with  irregular  sides. 

Periproct  very  large,  oval  or  pyriform,  with  the  major  diameter  in  the  direction  of 
the  longitudinal  axis  of  the  test,  situated  between  the  peristome  and  the  posterior 
margin.  Ornamentation  very  homogeneous.  Tubercles  very  small,  crenulate  and 
perforate,  placed  in  scrobicules  uniformly  distributed  over  the  surface  of  the  test,  the 
intermediate  space  being  occupied  by  fine  miliary  granulation. 

This  genus  is  nearly  related  to  Kchinnneus,  as  we  have  shown  in  the  "  Description 
of  the  Fossil  Echinoidea  of  Kachh  and  Kattywar"  (Pal.  Ind.  ser.  xiv.).  The  oblique 
peristome,  the  size  and  j>osition  of  the  periproct,  and  especially  the  structure  of  the 
ambulacral  plates,  with  the  continuous  series  of  double  pores,  indicate  unquestionably 
a  much  closer  alliance  than  has  hitherto  been  recognized  between  the  two  genera. 
In  the  work  just  noticed  wc  have  discussed  at  length  the  various  species  hitherto 
included  in  the  genus  Amllypygus.  The  species  from  Kachh,  along  with  the  present 
series  from  Sind,  constitute  a  remarkable  assemblage  of  forms. 
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1.  Ambltpyocs  subbottjsdus,  Duncan  &  Sladen.    Plate  XXVI,  Figs.  1-14. 

Test  subdepressed ;  marginal  contour  subcircular,  the  length  exceeding  the  breadth 
in  a  very  slight  but  variable  degree.  The  height  is  less  than  one  half  the  breadth,  and 
proportional  to  the  length  as  0  41 : 1,  the  dorsal  surface  being  regularly  convex,  and 
the  margins  thick  and  well  rounded.  The  anterior  slope  of  the  longitudinal  profile  is 
straighter  and  more  inclined  than  the  posterior  portion  of  the  profile,  which  is  more 
arched  and  bombous,  the  test  being  thicker  and  more  bombous  in  the  area  comprised 
by  the  three  posterior  interradia  than  anteriorly ;  this  character  faintly  presents  its 
greatest  development  along  the  median  line  of  the  odd  posterior  interradium,  but  the 
whole  test  is  so  evenly  rounded  that  no  definite  carination  is  produced.  The  outline  of 
the  transverse  profile  is  a  regular,  gentle,  convex  curve,  with  no  tendency  towards  a 
conoid  form.  The  actinal  surface  is  subcoucave,  with  the  peristome  rather  deeply 
sunken  and  the  surrounding  portion  of  the  test  bombous,  having  a  convex  curve,  which 
forms  a  gently  rounded  continuation  of  the  almost  inflated  margin.  On  the  ventral 
surface  of  some  specimens  there  is  a  faint  development  of  tumidity  in  each  of  the 
columns  of  plates  of  the  interradia,  the  feature  being  most  definite  in  the  odd  posterior 
interradium,  where  it  produces  the  appearance  of  a  very  faint  wide  groove,  passing  from 
the  periproct  towards  the  margin. 

The  apical  disk  is  slightly  execntric  in  front,  being  distant  from  the  posterior 
extremity  yVd  of  the  entire  length  of  the  test.  The  generative  pores,  which  are  four 
in  number,  are  very  large  and  slightly  oval  in  shape,  occupying  nearly  the  whole  of 
their  plate ;  the  anterior  pair  smaller  and  nearer  together  than  the  posterior  pair.  The 
generative  plates  are  all  separated  by  prolongations  of  the  central  madreporiform 
portion  of  the  disk,  which  is  in  connexion  with  the  right  anterior  generative  plate,  the 
central  portion  being  subcruciform  in  shape.  The  ocular  plates  are  very  small  and 
subpentagonal  in  shape,  a  straight  base  being  apposed  to  the  extension  of  the  central 
mass  which  separates  the  neighbouring  generative  plates.  The  two  posterior  ocular  plates 
do  not  touch,  although  no  portion  of  the  central  plate  extends  beyond  their  base-line. 

The  ambulacra  arc  flush  with  the  surface  of  the  test,  or  with  the  poriferous  zones 
very  faintly  sunken ;  they  are  moderately  wide,  and  the  petaloid  portion  extends  quite 
to  the  ambitus.  The  posterior  pair  are  rather  wider  than  the  anterior  pair,  and  these 
again  are  rather  wider  than  the  odd  anterior  petal,  which  is  the  narrowest. 

The  scries  of  pairs  of  pores  extends  uninterruptedly  from  apex  to  peristome,  the 
inner  pores  forming  a  straight  continuous  line ;  the  two  lines  thus  formed  by  the  com- 
panion zones  of  a  petal  diverge  from  one  another  gradually  as  they  proceed  from  the 
apex,  and  converge  again  slightly  on  the  ventral  surface  as  they  approach  the  peristome. 
On  the  upper  portion  of  the  ambulacra  (the  petaloid  part)  the  poriferous  zones  are  wide, 
the  pores  being  wide  apart  and  conjugate,  having  the  inner  pore  round  and  the  outer 
one  elongate  and  connected  by  a  furrow.  The  intervening  dissepiment  is  rather  broad, 
and  is  ornamented  with  a  single  line  of  small  miliary  granules.  The  outline  formed  by 
the  petal  is  lanceolate,  and  the  widest  part  is  at  about  two  thirds  of  the  distance  from 
the  apex  to  the  margin.  The  widest  part  of  the  poriferous  zone  is  nearer  the  apex, 
nearly  midway  between  the  margin  and  the  apex ;  at  this  point  the  poriferous  zone  is 
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J-|  of  the  width  of  the  interporiferous  area,  and  thence  the  width  of  the  poriferous 
zone  decreases  gradually  to  the  margin.  The  widest  part  of  the  interporiferous  area  is 
at  the  margin,  where  it  is  slightly  wider  than  twice  the  width  of  the  poriferous  zone  at 
its  widest  part.  The  petaloid  portion  of  the  poriferous  zone  passes  gradually  and  almost 
imperceptibly  into  the  extrapetalous  part,  the  pairs  of  pores  being  continuous  throughout. 
In  the  extrapetalous  part  of  the  area  both  pores  are  small  and  round,  and  separated 
only  by  a  very  narrow  dissepiment ;  and  the  pairs  are  placed  oblique,  their  distance  apart 
and  the  angle  of  obliquity  to  the  horizontal  increasing  as  they  approach  the  peristome. 

The  structure  of  the  ambulacra  is  interesting,  for,  notwithstanding  the  strict  uni- 
serial  character  of  the  poriferous  zone,  the  poriferous  plates  are  distinctly  divisible  into 
triplets,  this  arrangement  being  regular  and  invariable  in  the  petaloid  and  in  the  cxtra- 
petaloid  parts  of  the  zone  alike.  Throughout  the  whole  zone  a  smaller  plate  is  inter- 
calated between  two  larger  plates,  and  of  these  the  adoral  is  always  slightly  the  largest. 
Tlie  small  intercalated  plate  is  only  just  large  enough  for  its  pair  of  pores,  and  scarcely 
extends  into  the  interporiferous  area.  In  the  petaloid  part  of  the  zone  the  small  plate 
is  long  and  narrow  (fig.  f>),  and  in  the  extrapetaloid  part  it  is  almost  equilatcrally  sub- 
triangular  (fig.  7).  On  the  actinal  portion  of  the  test  the  large  poriferous  plates  are 
much  deeper  (/.  e.  longer),  and  consequently  the  pairs  of  pores  are  wider  apart  (fig.  8). 
In  the  petaloid  portion  of  the  zone  the  inner  pore  is  marginal,  indenting  the  adoral  edge  of 
its  plate ;  in  the  extrapetalous  portion  both  pores  arc  within  their  plate,  and  equidistant 
from  the  ad-  and  aboral  margins.  Reference  to  the  figures  of  these  different  parts  of 
the  poriferous  zone  will  give  a  better  idea  of  the  arrangement  of  the  plates  and  pores 
than  a  lengthy  verbal  description. 

The  ornamentation  of  the  interradial  portions  of  the  test  consists  of  a  great  number 
of  small,  uniform,  eqtiidistantly  spaced  primary  tubercles,  faintly  crcnulated,  and  with 
a  small  perforated  mamelon,  placed  in  a  shallow  scrobicule,  surrounded  by  a  rim  of 
small,  uniform,  distinct  miliary  granules.  Occasionally  the  single  ring  of  granules  which 
separates  neighbouring  scrobicules  is  augmented  by  additional  granules,  and  a  few  extra 
ones  fill  up  the  interspaces.  At  the  margin  the  primary  tubercles  arc  rather  more 
crowded,  and  on  the  actinal  surface  they  are  a  shade  larger.  The  ornamentation  of  the 
interporiferous  areas  is  precisely  similar  to  that  of  the  interradia. 

The  peristome  is  slightly  excentric  in  front,  and  placed  in  a  well-developed 
depression  of  the  test ;  it  is  large,  subpentagonally  oblong  in  form,  and  oblique 
in  position,  the  longer  axis  being  directed  towards  the  right  anterior  intcrradium. 

The  periproct  is  very  large,  and  occupies  more  than  half  the  area  between  the 
peristome  and  the  margin  ;  it  is  longitudinally  elongate  and  subpyrifortn.and  its  length 
is  fully  one  third  more  than  the  greater  diameter  of  the  peristome.  The  contracted 
portion  of  the  pyriform  aperture  is  directed  towards  the  peristome,  and  the  distance  of 
this  extremity  from  the  peristome  is  usually  less  than  that  which  intervenes  between 
the  aboral  margin  of  the  periproct  and  the  margin  of  the  test. 

Variations.  The  chief  modifications,  distinct  from  those  dependent  on  growth,  which 
may  be  noticed  in  the  material  at  our  disposal  are  as  follows: — (1)  a  slight  increase  in 
the  relative  proportion  of  length  to  breadth  ;  (2)  a  greater  uniformity  in  the  curvature 
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of  the  anterior  and  posterior  slope  of  the  longitudinal  profile,  arising  from  the  com- 
paratively less  tumid  character  of  the  posterior  portion  of  the  test — this  variation 
being  accompanied,  in  specimens  from  localities  ii.  and  iii.  (Survey-numbers  and 

),  by  a  slightly  greater  prominence  along  the  median  line  of  the  posterior  odd 
interradium,  amounting  almost  to  a  faint  rostration  at  the  posterior  margin. 

The  greatest  amount  of  mollification  from  the  normal  type  occurs  in  specimens  from 
locality  ix.  (Survey-number  °t^°).  This  form  appears  so  well  marked  that  we  pro- 
pose to  distinguish  it  nominally  as  var.  conicus.  It  differs  from  the  typical  A.  subro- 
tundus  in  the  following  points : — The  proportion  of  the  length  to  the  breadth  is  greater 
than  in  the  type,  the  apex  is  proportionately  higher,  and  the  anterior  portion  of  the 
marginal  contour  is  more  contracted  and  less  bombous  in  the  area  circumscribed  by  the 
anterior  interradia.  Seen  in  longitudinal  profile,  both  the  posterior  and  the  autcrior 
slope  form  much  steeper  declivities,  the  curvature  of  the  posterior  being  only  very 
slightly  more  bombous  than  the  anterior  one.  From  this  it  will  be  seen  that  the  test 
has  a  subconoidal  appearance.  The  margins  arc  less  thick,  the  distauce  between  the 
periproct  and  the  peristome  is  perhaps  greater  than  usual,  and  the  position  of  the  peri- 
stome more  excentric,  whilst  that  of  the  apical  disk  is  subccntral.  Unfortunately  the 
specimens  are  much  weathered  on  the  abactinal  surface,  and  not  well  preserved. 

Along  with  the  above  notices  of  variations,  mention  should  also  be  made  of  two 
examples  which  we  find  amongst  a  series  of  small  (young)  specimens.  The  tests  are 
unquestionably  immature,  but  differ  from  the  others  in  the  higher  and  conoidal  cha- 
racter of  the  dorsal  area,  in  the  margin  being  less  thick  and  tumid,  and  in  the  peculiar 
subpentagonal  marginal  contour,  expanded  opposite  the  anterior  petals,  and  contracted 
posteriorly,  where  the  odd  interradium  is  subrostrate.  Possibly  this  may  prove  to  be 
the  young  of  a  different  species  ;  but  for  the  present  we  do  not  feel  justified  in  drawing 
any  definite  conclusions  in  consideration  of  the  immature  state  of  the  specimens. 

There  are  also  portions  of  three  or  four  tests  from  locality  viii.  (Eri  Hill,  Survey- 
number         which  are  only  referred  to  this  species  with  considerable  hesitation ;  they 

may  possibly  belong  to  a  distinct  form.  The  fragments  are  well  preserved,  but  are 
insufficient  for  positive  determination. 

Premature  Form.  In  young  specimens  of  40  millim.  length  the  test  is  suboval  in 
outline,  with  very  thick  margins  and  an  almost  regular  convex  dorsal  area,  which  is 
generally  higher  over  the  whole  surface  than  in  the  adult — the  height  at  the  apex  being 
proportional  to  the  length  as  O  oO:  1.  The  ambulacral  petals  are  well  developed  and 
present  the  characters  of  the  matnre  form.  With  increasing  age  and  size,  the  height 
does  not  increase  proportionately  with  the  other  dimensions  of  the  test,  and  the  margins 
become  also  relatively  less  thick.  In  a  specimen  58  millim.  long  the  regular  convex 
curve  of  the  dorsal  surface,  the  strikingly  pulvinate  character  of  the  actinal  area,  and 
the  thick  tumid  margins  are  very  characteristic.  In  this  specimen  the  proportion  of 
length  to  height  is  as  1 :  0-43.  It  is  not  until  the  test  is  fully  grown  that  the  almost 
circular  form  of  the  margiual  outline  is  attained,  and  the  posterior  portion  of  the  test 
becomes  more  tumid  and  generally  higher  than  the  anterior  part. 
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From  those  observations  we  may  deduce  that  in  the  young  stages  of  AmJblypygus 
sulrotundus  the  test  is  more  elongate,  higher,  with  thicker  margins  and  uniformly 
convex  dorsal  surface,  and  that  these  modifications  produce  a  stout,  elliptical  form,  very 
different  in  general  character  from  that  possessed  by  the  mature  animal. 

Remarks.  This  species  approaches  A.  dilatatus,  Agassiz,  but  is  distinguished  from 
that  form  by  the  general  rotundity  of  the  test,  its  greater  height,  and  the  higher 
and  more  tumid  character  of  the  posterior  portion;  the  margins  are  proportionally 
thicker  and  more  tumid,  the  poriferous  zones  appear  to  be  wider,  and  the  actinal 
portion  of  the  zone  is  not  sunken  in  a  furrow.  The  pcriproct  differs  somewhat  in  shape, 
being  more  pyriform,  and  is  further  removed  from  the  posterior  margin.  The  apical 
system  is  perhaps  rather  more  excentric. 

dimensions. 

Type  specimen  from  locality  i    (Survey-number         : — 

Length  of  the  test   80 

Breadth  of  the  test   76 

Height  of  the  test   32 

From  centre  of  apical  disk  to  posterior  extremity     .  44 

„          „          „          anterior  extremity  .    .  36 

Greatest  width  of  the  poriferous  zone   2  75 

Width  of  the  intorporiferous  area  at  the  above  place  4-25 

„             „           „           at  the  margin  .    .  6 

Greatest  width  of  the  postero-lateral  petal  ....  10-75 

„           „          autero-lateral  petal    ....  9-70 

„           „          odd  anterior  petal     ....  8  80 
The  proportion  of  length  to  breadth  =  1 :  0'95. 
„             „          to  height   =  1 :  0  40. 

Other  specimens  measure :— 


Lentfh 
in  millim. 

Breadth 

Height 

in  millim. 

— *  

Proportion 

in  millim. 

Proportion 

I.oc»]ity. 

tolmjrtli=l. 

to  length  =  1. 

90 

84 

0933 

31 

0-344 

ii. 

76 

68 

0-894 

29 

0-389 

ii. 

74 

68 

0-918 

28 

0-378 

in. 

71  + 

66 

0-929 

27-5 

0-387 

v. 

66 

60 

0909 

27 

0-409 

v. 

64 

? 

■  *  • 

27 

0-421 

iii. 

58 

52 

0896 

25 

0-431 

vii. 

42 

37 

0-880 

20-5 

0  488 

vi. 

40 

35 

0  875 

20 

0-500 

vi. 

f80 

71 

0-887 

33 

0-412 

IX 

'"172 

67 

0-930 

30-5 

0-423 

Lv. 

u2 
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In  the  Khirthar  scries  of  strata : — 

i.  River-section  east  of  Trak.    Survey-number  ^S". 

ii.  Hilly  ground  south-east  of  Trak  Hill.     Survey-number  as 


iii.  Kum  range,  east  of  Trak.  Survey-number 

iv.  North-east  of  Kale-ka-Kua,  seven  miles  south-east  of  Trak.  Survey-number 

v.  Exact  locality  not  known ;  said  to  be  near  Kotri,  probably  the  hills  west  of 


O302 
).'7 

v.  Exact  locality  i 
Kotri.  Survey-number 

vi.  Twenty-four  miles  west  of  Kotri  (entering  the  hills  on  the  road  to  Bula  Khan's 
Thana).  Survey-number  " 

vii.  Gorge  of  the  Baran  river,  north-east  of  Bula  Khan's  Thana.  Survey-number 

o  no 

viii.  Kri  Hill  (south-west  side),  Sutnbak  range.  Survey-number 

Variety  conicm : 

ix.  D  baran  Pass  (east  side),  near  Laki.    Survey-number  - 

Illustrations  of  the  Species  in  Tlate  XXVI. 

Fig.  1.  Abactinal  view  of  the  test:  natural  size. 

2.  Actinal  view  of  the  test:  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

4.  Apical  disk,  from  another  specimen,  slightly  weather-worn :  magnified. 

5.  Portion  of  the  actinal  surface  of  the  same  specimen  :  magnified. 

C.  Arrangement  of  the  ambulacral  plates  near  the  middle  of  a  petal  :  mag- 
nified. 

7.  Arrangement  of  the  ambulacral  plates  near  the  ambitus :  magnified. 

8.  Arrangement  of  the  ambulacral  plates  on  the  actinal  surface,  midway  between 

the  peristome  ami  the  margin  :  magnified. 
•J.  Abactinal  view  of  the  test  of  a  young  specimen,  measuring  40  millim.  in 
length :  natural  size. 

10.  Longitudinal  profile  of  the  same  specimen  :  natural  size. 

11.  Abactinal  view  of  the  test  of  a  young  specimen,  measuring  58  millim.  in 

length :  natural  size. 

12.  Actinal  view  of  the  same  specimen :  natural  size. 

13.  Longitudinal  profile  of  the  same  :  natural  size. 

14.  Variety  conicus.    Longitudinal  profile:  natural  size. 

2.  AUBLYPYGl'S  PATELLJCFORJIIS,  DllliC'in  $f  S  laden.     Plate  XXV II,  Figs.  1-3. 

Test  subdepressed,  marginal  contour  subovoid,  the  length  being  distinctly  greater 
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than  the  breadth,  regularly  rounded  in  front,  and  contracting  along  the  sides  towards 
the  posterior  extremity,  where  a  faint  trace  of  rostration  is  produced.  The  height  is 
less  than  one  half  the  breadth,  and  is  proportional  to  the  length  as  0  33 : 1.  The  dorsal 
surface  is  regularly  convex,  and  the  margins  arc  not  particularly  thick  or  tumid,  the 
COmture  of  the  dorsal  area  being  more  arched  and  continuing  nearer  to  the  ambitus 
than  in  A.  subrotundus.  In  the  longitudinal  profile  of  the  test  the  posterior  and  the 
anterior  slopes  are  nearly  equal  in  curvature,  the  latter,  however,  being  slightly  more 
tumid.  The  transverse  profile  shows  a  regular  and  well-developed  convexity,  merging 
into  the  comparatively  thin,  rounded  margin.  The  actinal  surface  is  almost  flat,  and 
has  nothing  of  the  pulvinate  character  usual  in  the  species  of  this  genus,  the  flatness 
terminating  with  only  a  comparatively  slight  and  abrupt  rounding  at  the  extreme  margin. 
There  is  a  slight  depression  towards  the  peristome,  but  unfortunately  that  portion  of 
the  test  and  its  immediate  neighbourhood  is  concealed  by  a  mass  of  matrix 

The  apical  disk  is  slightly  cxccntric  in  front ;  but  nothing  can  be  said  about  its 
structure,  owing  to  the  destruction  and  obliteration  of  this  part  in  both  the  specimens 
we  possess.  Indeed  the  whole  of  the  abactinal  area  is  in  such  a  bad  state  of  preserva- 
tion that  only  the  general  features  can  be  indicated. 

The  ambulacra  are  flush  with  the  surface  of  the  test,  and  the  poriferous  zones 
contract  somewhat  rapidly  after  at  turning  the  maximum  width,  the  petaloid  portion  thus 
appearing  to  terminate  a  little  before  the  margin  is  reached.  The  outer  line  of  the 
posterior  poriferous  zone  in  both  pairs  of  petals  is  somewhat  more  curved  than  the  com- 
panion zone ;  and  in  the  posterior  ambulacra  the  whole  petal  is  slightly  bent  forwards 
(».  e.  away  from  the  posterior  extremity)  before  passing  over  the  margin,  the  curve  being 
very  marked  wheu  the  iuterporiferous  area  is  examined  independently.  The  posterior 
pair  of  petals  are  rather  wider  than  the  anterior  petals.  The  widest  part  of  the  pori- 
ferous zone  is  situated  rather  nearer  the  outer  than  the  apical  extremity  of  the  petal,  and 
at  this  point  the  poriferous  zone  is  -fe  of  the  width  of  the  interporiferous  area,  and 
thence  the  decrease  in  the  width  of  the  zone  takes  place  rather  rapidly.  The  greatest 
width  of  the  petal  is  situated  a  little  nearer  the  extremity  of  the  petal  than  the  point 
of  greatest  poriferous  width.  The  widest  part  of  the  interporiferous  area  is  at  the 
margin,  where  it  is  slightly  greater  than  twice  the  width  of  the  poriferous  zone  at  its 
widest  part. 

The  ornamentation  of  the  dorsal  surface  is  almost  entirely  destroyed  ;  and  the 
traces  that  remain  are  so  faint  that  it  is  impossible  to  make  any  useful  observations  in 
this  direction.  On  the  actinal  surface  the  primary  tubercles  are  smaller  and  more 
widely  spaced  than  in  A.  subrotundus,  and  are  surrounded  by  simple  rings  of  miliary 
granules,  which  appear  to  stand  somewhat  isolated  and  distinct,  in  consequence  of  the 
intermediate  spaces  being  unoccupied  by  granules. 

The  whole  of  the  peristome  and  a  portion  of  the  periproct  are  concealed  by  matrix. 
The  periproct  is  elongate  and  pyriform,  the  aboral  margin  being  well  rounded.  The 
aperture  is  14  millim.  long  and  7"6  millim.  broad,  and  its  aboral  extremity  is  not  more 
than  0  to  0  millim.  distant  from  the  extreme  margin. 

Remarks.  This  species  is  distinguished  from  its  Indian  congeners  by  the  flatness  of 


Digitized  by  Google 


146 


THE  FOSSIL  ECHINOIDKA 


the  actinal  area,  the  comparatively  thin  and  angular  margin,  and  the  well  and  uniformly 
arched  dorsal  surface  ;  it  is  further  characterized  hy  the  curve  of  the  posterior  petals, 
the  suhrostrate  form  of  the  posterior  extremity,  and  perhaps  also  by  the  smaller  and 
Bcantier  primary  tubcrculation.  "When  compared  with  a  specimen  of  A.  subrotundus 
of  precisely  similar  size,  these  differences  are  very  striking ;  they  also  appear  to  be 
sufficient  to  distinguish  the  species  from  the  othor  known  members  of  the  genus. 

Dimensions  of  type  specimen. 

millim. 

length  of  the  test   GO 

Breadth  of  the  test   55 

Height  of  the  test   20 

Greatest  width  of  the  poriferous  zone  2-25 

Width  of  the  interporifcrous  area  at  the  above  place  4 

„  „  „         at  the  margin  .    .      5  5 

Greatest  width  of  the  postero-lateral  petal  ....     8  75 

„  „  anterior  petals  8 

The  proportion  of  length  to  breadth  =  1 : 0-916. 

The  proportion  of  length  to  height  =  1 : 0'333. 

Locality.  Khirthar  scries  of  strata.  Hilly  ground  south-east  of  Trak  Hill. 
Survey-number 

AVe  also  refer  to  this  species  a  second  specimen  found  at  Hois  Hill,  near  Damaj, 
south  of  Bula  Khan  (Khirthar  series).    Survey-number  ftS, 

Illustrations  of  the  Specirs  in  Plate  XXVII. 

Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

3.  Ambltpygcs  tumidis,  Duncan  d-  Sfatlen.    Plate  XXVII,  Figs.  4-6. 

There  is  a  test  of  a  fine  species  of  Amblgpygm  from  the  Khirthar  series,  but  which 
unfortunately  is  bo  much  obscured  with  matrix  and  otherwise  badly  preserved  that  only 
a  partial  description  can  be  given.  The  test  is  high,  with  marginal  contour  subovoid, 
the  greatest  breadth  being  a  little  behind  the  anterior  ambulacra,  and  the  curve  of  the 
outline  being  sharper  and  more  contracted  posteriorly  than  anteriorly.  The  height  is 
greater  than  half  the  breadth,  and  proportional  to  the  length  as  0  52:1,  and  the 
margins  arc  thick  and  tumid.  The  curvature  of  the  anterior  slope  of  the  longitudinal 
profile  is  less  bombous  than  the  posterior ;  and  the  posterior  part  of  the  test,  as  a 
whole,  is  thicker  (higher)  than  the  auterior.  The  trausvere  profile  of  the  test  shows  a 
uniform  convex  curve  of  fair  elevation.  The  actinal  surface  has  a  bombous  aspect,  and 
appears  to  have  a  very  slight  central  concavity.  The  ambital  margin  does  not  at  all 
overhang,  but  is  bevelled  away  and  well  rounded. 
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The  apical  disk  is  concealed  by  matrix,  but  is  probably  central,  or  only  very 
slightly  exccntric  in  front. 

The  ambulacra  are  flush  with  the  surface  of  the  test  and  lanceolate  in  outline ;  and 
the  two  lines  of  inner  pores  arc  straight,  and  converge  gradually  from  the  ambitus  to  the 
apex.  The  greatest  width  is  at  about  two  thirds  the  distance  from  the  apex  to  the 
margin,  the  broadest  part  of  the  poriferous  zone  being  somewhat  nearer  the  apex ; 
from  this  point  of  greatest  breadth  the  poriferous  zone  contracts  gradually  until  the 
margin  is  reached,  the  petaloid  portion  extending  almost  to  the  ambitus.  The  pori- 
ferous zone  at  its  broadest  part  is  five  eighths  of  the  width  of  the  interporiferous  area. 
The  interporiferous  zone  is  widest  at  the  margin,  and  is  there  a  little  more  than  twice 
the  width  of  the  broadest  part  of  the  poriferous  zone.  The  conjugate  pores  of  the 
petaloid  portion  of  the  ambulacra  are  united  by  a  well-defined  furrow,  and  adjoining 
pairs  are  separated  by  a  rather  narrow  septum  ornamented  with  a  single  line  of  small 
miliary  granules. 

The  state  of  preservation  of  our  specimen  unfortunately  does  not  permit  of  any 
remarks  being  made  on  the  character  of  the  ornamentation  of  the  test. 

The  peristome  is  entirely  hidden  by  a  mass  of  matrix  which  covers  a  large  portion 
of  the  actinal  surface,  and  leaves  only  a  part  of  the  posterior  margin  of  the  periproct 
exposed.  The  aboral  margin  of  this  aperture  is  well  rounded,  and  is  probably  distant 
from  the  ambitus  nearly  the  length  of  the  periproct. 

Remarks.  This  species  is  readily  distinguishable  from  the  other  Sindian  forms  of 
Amblypygi ;  and  its  nearest  ally  is  to  be  found  in  A.  a/tus,  nobis,  from  the  white  lime- 
stone of  Kachh  (Cutch).  The  present  species  differs  chiefly  in  the  following  points, 
viz. : — the  more  elongate  and  oval  test,  which  is  less  in  height  and  also  much  less  bombous 
dorsally  throughout  the  posterior  half;  the  more  generally  tumid  character  of  the 
actinul  surface,  and  the  absence  of  the  transverse  depression  or  curvature  of  that  area, 
which  is  more  or  less  conspicuous  in  the  longitudinal  profile-view  of  the  test  in  A.  aft  us ; 
the  ambulacra!  petals  are  much  narrower,  and  the  interporiferous  areas  more  con- 
tracted, and  the  periproct  is  Entailer,  narrower,  and  placed  at  a  greater  distance  from 
the  margin. 

Dimensions. 

millim. 


74 

66 

Height  of  the  test  

39 

.  2T>0 

Width  of  the  interporiferous  area  at  this  part  .  . 

.  4 

Greatest  width  of  the  interporiferous  area   .    .  . 

.  5-5 

Greatest  width  of  an  antero-lateral  petal     .    .  . 

.  9 

The  proportion  of  length  to  breadth  =  1 :  0-80. 
The  proportion  of  length  to  height    —  1 :  0  ii2. 


Locality.  In  the  Khirthar  series  of  strata.  Outer  (eastern)  ridge  of  the  Kainbhu 
range,  west  of  Batchani  on  the  Baran.  Survey-number 


146 


THE  FOSSIL  ECHINOIDKA 


the  actinal  area,  the  comparatively  thin  and  angular  margin,  and  the  well  and  uniformly 
arched  dorsal  surface  ;  it  is  further  characterized  by  the  curve  of  the  posterior  petals, 
the  subrostrate  form  of  the  posterior  extremity,  and  perhaps  also  by  the  smaller  and 
scantier  primary  tubcrculation.  "When  compared  with  a  specimen  of  A.  subrotundus 
of  precisely  similar  size,  these  differences  are  very  striking ;  they  also  appear  to  be 
sufficient  to  distinguish  the  species  from  the  other  known  members  of  the  genus. 


Dimensions  of  type  specimen. 

length  of  the  test   CO 

Breadth  of  the  test   55 

Height  of  the  test   20 

Greatest  width  of  the  poriferous  zone  2'25 

Width  of  the  intcrporifcrous  area  at  the  above  place  4 

„  „  „         at  the  margin  .    .     5  5 

Greatest  width  of  the  postcro-lateral  petal  ....     8  75 

„  „  anterior  petals  8 

The  proportion  of  length  to  breadth  =  1 :  0  916. 

The  proportion  of  length  to  height  =  1 : 0-333. 

Locality.  Khirthar  scries  of  strata.  Hilly  ground  south-cast  of  Trak  Hill. 
Survey-number 

We  also  refer  to  this  species  a  second  specimen  found  at  Rois  Hill,  near  Damaj, 
south  of  Bula  Khan  (Khirthar  series).  Survey-number."^-. 

Illustrations  of  the  Species  in  Plate  XXVII. 

Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

3.  Ambltptous  tcmiimjs,  Duncan  d-  Sladen.    Plate  XXVII,  Figs.  4-C. 

There  iB  a  test  of  a  fine  species  of  AmJblypygus  from  the  Khirthar  series,  but  which 
unfortunately  is  so  much  obscured  with  matrix  aud  otherwise  badly  preserved  that  only 
a  partial  description  can  be  given.  The  test  is  high,  with  marginal  contour  subovoid, 
the  greatest  breadth  being  a  little  behind  the  anterior  ambulacra,  and  the  curve  of  the 
outline  being  sharper  and  more  contracted  posteriorly  than  anteriorly.  The  height  is 
greater  than  half  the  breadth,  and  proportional  to  the  length  as  0  52:1,  and  the 
margins  arc  thick  and  tumid.  The  curvature  of  the  anterior  slope  of  the  longitudinal 
profile  is  less  bombous  than  the  posterior ;  and  the  posterior  part  of  the  test,  as  a 
whole,  is  thicker  (higher)  than  the  anterior.  The  transverc  profile  of  the  test  shows  a 
uniform  convex  curve  of  fair  elevation.  The  actinal  surface  has  a  bombous  aspect,  and 
appears  to  have  a  very  slight  central  concavity.  The  ambital  margin  does  not  at  all 
I,  but  is  bevelled  away  and  well  rounded. 
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The  apical  disk  is  concealed  by  matrix,  but  is  probably  central,  or  only  very 
slightly  e.xcentric  in  front. 

The  ambulacra  are  flush  with  the  surface  of  the  test  and  lanceolate  in  outline ;  and 
the  two  lines  of  inner  pores  are  straight,  and  converge  gradually  from  the  ambitus  to  the 
apex.  The  greatest  width  is  at  about  two  thirds  the  distance  from  the  apex  to  the 
margin,  the  broadest  part  of  the  poriferous  zone  being  somewhat  nearer  the  apex; 
from  this  point  of  greatest  breadth  the  poriferous  zone  contracts  gradually  until  the 
margin  is  reached,  the  petuloid  portion  extending  almost  to  the  ambitus.  The  pori- 
ferous zone  at  its  broadest  part  is  five  eighths  of  the  width  of  the  interporiferous  area. 
The  interporiferous  zone  is  widest  at  the  margin,  and  is  there  a  little  more  than  twice 
the  width  of  the  broadest  part  of  the  poriferous  zone.  The  conjugate  pores  of  the 
petoloid  portion  of  the  ambulacra  are  united  by  a  well-defined  furrow,  and  adjoining 
pairs  are  separated  by  a  rather  narrow  Beptum  ornamented  with  a  single  line  of  small 
miliary  granules. 

The  state  of  preservation  of  our  specimen  unfortunately  does  not  permit  of  any 
remarks  being  made  on  the  character  of  the  ornamentation  of  the  test. 

The  peristome  is  entirely  hidden  by  a  mass  of  matrix  which  covers  a  large  portion 
of  the  actinal  surface,  and  leaves  only  a  part  of  the  posterior  margin  of  the  periproct 
exposed.  The  uborul  margin  of  this  aperture  is  well  rounded,  and  is  probably  distant 
from  the  ambitus  nearly  the  length  of  the  periproct. 

Remarks.  This  species  is  readily  distinguishable  from  the  other  Sindian  forms  of 
Amblypygi ;  and  its  nearest  ally  is  to  be  found  in  A.  alius,  nobis,  from  the  white  lime- 
stone of  Kachh  (Cutch).  The  present  species  differs  chiefly  in  the  following  points, 
viz. : — the  more  elongate  and  oval  test,  which  is  less  iu  height  and  also  much  less  bombous 
dorsally  throughout  the  posterior  half;  the  more  generally  tumid  character  of  the 
actinal  surface,  and  the  absence  of  the  transverse  depression  or  curvature  of  that  area, 
which  is  more  or  less  conspicuous  in  the  longitudinal  profile-view  of  the  test  in  A.  altus ; 
the  ambulacral  petals  are  much  narrower,  and  the  interporiferous  areas  more  con- 
tracted, and  the  periproct  is  smaller,  narrower,  and  placed  at  a  greater  distance  from 
the  margin. 

Dimensions. 

millim. 


74 

Cti 

39 

.    .   2  50 

Width  of  the  interporiferous  area  at  this  part  . 

.    .  4 

Greatest  width  of  the  interporiferous  area  .    .  . 

.    .  5-5 

Greatest  width  of  an  antero-lateral  petal     .    .  , 

,    .  I) 

The  proportion  of  length  to  breadth  =  1 :  0  80. 
The  proportion  of  length  to  height    =  1 :  0-52. 


Locality.  In  the  Khirthar  series  of  strata.  Outer  (eastern)  ridge  of  the  Kiimbhu 
range,  west  of  Batchiini  on  the  Biiran.  Survey-number 
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Illustrations  of  the  Species  in  Plate  XXVII. 

Fig.  4.  Abactinal  view  of  the  test :  natural  size. 

5.  Actinal  view  of  the  test :  natural  size. 

6.  Longitudinal  profile  of  the  test :  natural  size. 

4.  AiiBLTPTOi's  latus,  Duncan  d-  Sladen.    Plate  XXVII,  Figs.  7-9. 

Test  depressed,  marginal  contour  subcircular,  dilated  transversely,  the  greatest 
diameter  being  situated  a  little  behind  the  antero-lateral  ambulacra.  The  rounding  of 
the  posterior  portion  of  the  marginal  outline  is  somewhat  flattened,  and  that  of  the 
anterior  part  more  regularly  circular.  The  height  of  the  test  is  two  fifths  of  the 
breadth,  and  proportional  to  the  length  as  0-41 : 1 ;  and  the  dorsal  surface  is  low  but 
regularly  convex,  the  margins  being  thick  and  tumid.  The  anterior  slope  of  tho 
longitudinal  profile  is  more  rapid  than  the  posterior  portion,  and  the  test,  as  a  whole, 
is  rather  more  borobous  along  the  lines  of  the  posterior  ambulacra  than  elsewhere. 
The  transverse  profile  of  the  dorsal  surface  shows  a  regular  convexity  of  wide  curvature. 
The  actinal  surface  is  concave,  the  peristome  being  well  sunken,  and  the  surrounding 
portions  of  the  test  bombous,  the  convex  curve  merging  without  interruption  with  that 
of  the  inflated  margin. 

The  apical  disk  is  excentric  in  front,  being  distant  from  the  posterior  extremity 
iVo  °f  tne  entire  length  of  the  test.  There  are  four  generative  pores,  which  are 
rather  small,  and  the  anterior  arc  slightly  nearer  together  than  the  posterior  pair. 
One  of  the  posterior  pores  is  long  and  slit-like  in  the  specimen  under  notice.  The 
ocular  plates  are  very  small.  The  central  mad repori form  body  is  ornamented  with  a 
few  small  and  rather  widely-spaced  granules. 

The  ambulacra  are  flush  with  the  surface  of  the  test  and  moderately  wide ;  and 
the  petaloid  portion  dies  out  before  the  actual  margin  is  reached,  where  the  dorsal 
surface  commences  tho  sharper  curve  of  that  part  of  the  test.  The  ambulacra  are 
equal,  and  the  widest  portion  is  situated  somewhat  nearer  the  apex  than  in  the  pre- 
ceding species,  and  corresponds  almost  exactly  with  the  widest  part  of  the  poriferous 
zone;  at  this  place  the  width  of  the  poriferous  zone  is  exactly  one  half  that  of 
the  interporiferous  area.  The  interporiferous  area  attains  its  greatest  width  at  the 
margin,  where  it  is  more  than  three  times  the  width  of  the  broadest  portion  of  the 
poriferous  zone.  The  outline  of  the  petal  is  lanceolate ;  and  the  poriferous  zones,  after 
attaining  their  greatest  width,  taper  off  somewhat  rapidly  in  breadth  to  the  extremity 
of  the  petaloid  portion  of  the  zone.  The  conjugate  poreB  are  united  by  a  well-defined 
groove,  and  the  intervening  septa  are  broad  and  ornamented  by  a  single  line  of  com- 
paratively large  granules.  The  extrapctalous  portion  of  the  zone  consists  of  pairs  of 
pores  throughout,  and  is  flush  with  the  actinal  surface  of  the  test,  no  trace  of  any 
groove  being  present.  The  details  of  the  structure  of  the  ambulacra  are  similar  to 
those  described  in  the  preceding  species. 

The  ornamentation  of  the  specimen  has,  unfortunately,  been  very  badly  preserved. 
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As  far  as  can  be  made  out,  the  primary  tubercles  of  the  abactinal  surface  appear  to  be 
somewhat  more  widely  spaced  than  in  the  preceding  species,  and  with  wider  granulated 
interspaces  between  the  scrobicules ;  but  only  the  faintest  indication  of  their  former 
presence  remains  here  and  there,  and  not  a  trace  of  the  ornamentation  of  the  actinal 
surface  is  preserved. 

The  peristome  is  subcentral  or  only  very  slightly  excentric  in  front,  and  sunken  in 
a  well-defined  depression  of  the  actinal  surface ;  it  is  large,  irregularly  subpentagonal, 
and  oblique,  the  major  axis  being  directed  towards  the  right  anterior  intcrradium. 

The  periproct,  although  large,  and  its  length  slightly  greater  than  the  larger 
diameter  of  the  peristome,  is  smaller  proportionally  than  in  any  of  the  other  species 
described.  It  is  subpyriform,  with  the  contracted  extremity  directed  towards  the 
peristome,  the  intervening  distance  being  nearly  equal  to  its  own  length.  It  is  placed 
much  nearer  to  the  margin  of  the  test. 

Hemarks.  This  species  is,  perhaps,  nearly  related  to  A.  dilatatus,  Agassis,  but 
appears  to  be  well  distinguished  by  the  greater  lateral  expansion  of  the  test,  the  more 
excentric  position  of  the  apical  disk,  and  the  more  tumid  margins.  The  poriferous 
zones  are  relatively  broader,  and  the  petals,  as  a  whole,  are  perhaps  narrower  in  the 
Sind  specimen  ;  the  peristome  also  appears  to  be  more  deeply  depressed,  and  the  actinal 
surface  more  strikingly  pulvinate.  The  periproct  is  smaller  than  in  any  other  species 
of  Amhlypyyus,  whilst  it  is  remarkably  large  in  A.  dilatatus;  and  there  is  no  trace 
whatever  of  the  furrows  in  which  the  poriferous  zones  of  that  species  arc  sunken  on 
the  actinal  surface. 

Dimensions. 


Length  of  the  test   535 

Breadth  of  the  test   65 

Height  of  the  test   22 

From  centre  of  apical  system  to  anterior  extremity  .  23 

„  „  posterior  extremity  .  30*5 

Greatest  width  of  the  poriferous  zone  175 

Width  of  the  interporiferous  area  at  this  place  .    .      3  50 
„              at  the  margin .    .      5  75 
Greatest  width  of  a  petal  G-75 


The  proportion  of  length  to  breadth  =  1: 1-028. 

to  height  =  1 : 0-411. 

Locality.  In  the  Khirthar  series  of  strata:  Rohri,  Upper  Sind.  Survey-number  c 

Illustrations  of  the  Species  in  Plate  XXVII. 

Fig.  7.  Abactinal  view  of  the  test:  natural  size. 

8.  Actinal  view  of  the  test :  natural  size. 

9.  Longitudinal  profile  of  the  test :  natural  size. 
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.S„A/,irm7y  ECH1S0LAMPIX2E. 

Genua  EOLAMPAS,  Duncan  <£■  Sladen,  1882. 
(See  ««/<•<!,  p.  01,  Part  ii.) 

1.  Eolampas  excesthkts,  Duncan  &■  Sladen.    Plate  XXXI,  Figs.  11-15. 

Test  of  small  or  medium  size.  Marginal  contour  an  oval  escutcheon-shape,  rounded 
in  front,  expanding  gradually  up  to  the  point  of  greatest  breadth,  which  is  situated  on 
a  line  with  the  outer  extremities  of  the  posterior  petals,  and  from  thence  the  outline 
contracts  rapidly  to  form  the  rather  prominent  posterior  rostration.  The  greatest 
breadth  is  about  five  sixths  of  the  length,  or  as  0  83  :  1 ;  the  test,  however,  having  a 
more  elongate  appearance  than  those  figures  would  seem  to  indicate,  consequent  on  the 
peculiarity  of  shape.  The  dorsal  surface  is  subdepressed,  generally  convex,  forming  a 
suhconoidal  peak  at  the  apical  summit,  and  a  more  or  less  definite  trace  of  carination 
along  the  median  line  of  the  posterior  interradium.  The  actiual  surface  is  almost  flat, 
very  faintly  depressed  in  the  region  of  the  peristome,  and  merging  outwardly  into  the 
rounding  of  the  margin.  The  margin  is  well-rounded,  moderately  thick  and  tumid. 
Seen  in  longitudinal  profile  the  extreme  excentricity  of  the  apical  summit  is  remarkable, 
causing  the  anterior  slope  or  curve  to  be  rapid  and  precipitous,  whilst  the  posterior 
slope  is  a  gentle  and  gradual  incline,  until  the  posterior  rostration  is  reached,  over 
which  it  bends  with  a  rapid  well-rounded  curve,  terminating  vertically.  Seen  in  trans- 
verse profile  the  dorsal  outline  is  markedly  subcorneal. 

The  apical  disk  is  small  and  very  excentric  in  front,  its  distance  from  the  anterior 
extremity  being  three  tenths  of  the  length  of  the  test.  There  are  four  generative  pores, 
the  anterior  pair  being  much  closer  together  than  the  posterior  pair ;  and  five  ocular 
pores,  which  arc  small  and  inconspicuous,  excepting  the  odd  anterior  one,  which  appears 
to  be  larger  and  more  deeply  sunken  than  the  rest. 

There  are  only  four  ambulacral  petals,  the  odd  anterior  ambulacrum  being  aborted. 
In  the  place  of  the  pairs  of  pores  of  the  odd  anterior  ambulacrum  slight  grooves  are 
to  be  seen  amongst  the  ornamentation,  which  are  much  more  numerous  than  the  pairs 
of  pores  in  the  other  ambulacra  ;  aud  occasionally  in  small  specimens  there  is  the 
indication  of  a  very  minute  single  pore  here  and  there,  but  in  large  examples  even 
these  appear  to  be  aborted.  The  paired  petals  are  long  and  narrow,  slightly  converging 
towards  the  outer  extremity,  and  the  anterior  pair  are  rather  shorter  than  the  posterior 
pair.  The  poriferous  zones  are  equal,  comparatively  broad,  and  more  than  half  the 
width  of  the  intcrporiferous  area.  The  pores  are  very  small,  round,  wide  apart,  and 
are  united  by  a  well-defined  conjugating  furrow,  the  direction  of  which  is  oblique,  in 
relation  to  the  median  line  of  the  petal.  The  furrows  are  separated  by  rather  broad 
cost®,  ornamented  with  a  single  line  of  5  or  fa"  small  uniform-sized  granules.  The  inter- 
poriferous  areas  are  flush  with  the  surface  of  the  test,  and  their  ornamentation  is 
similar  to  that  of  the  interambulacral  areas  of  the  test.  The  petals  in  their  direction 
are  nearly  straight,  the  anterior  pair  being  widely  divergent  and  enclose  a  large  angle, 
whilst  that  enclosed  by  the  posterior  pair  is  small. 

The  peristome  is  small,  transversely  oval,  slightly  angular  laterally,  and  its  portion 
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is  excentric  in  front,  but  much  less  ho  than  the  apical  disk.  It  has  low  vertical  walls, 
which  extend  upwards  into  the  interior,  with  the  surface  covered  with  rather  large 
uniform  granules.  No  development  of  bourrelets  takes  place,  and  there  is  no  expansion 
of  the  ambulacra  near  the  peristome,  although  in  some  specimens  the  semblance  of  a 
phyllodc  is  produced  by  the  deep  and  conspicuous  puncture  of  the  pores  in  this  region, 
and  more  especially  by  the  presence  of  large  pits  (probably  for  sptucridia)  in  the  inter- 
poriferous  area  near  the  peristome. 

The  periproct  is  small,  transversely  oral  and  inframarginal,  placed  on  the  lower 
part  of  the  marginal  rounding,  the  plane  of  the  orifice  being  consequently  at  an  angle 
to  the  actinal  surface,  and  visible  when  the  test  is  viewed  from  behind. 

The  ornamentation  consists  of  small  primary  tubercles  in  sunken  scrobicules, 
uniformly  and  cquidistantly  distributed  over  the  test,  the  interradial  spaces  being 
occupied  by  comparatively  large  distinct  granules,  which  usually  form  a  single  circlet 
round  each  scrobicule.but  occasionally  a  few  intermediate  granules  are  present  between 
neighbouring  circlets  or  at  the  angles. 

Jtemarfrs.  This  Echinoid  has  an  unmistakable  fades,  different  from  any  other  form. 
It  is  strikingly  characterized  by  the  peculiar  shape  of  the  test,  the  execntricity  of  the 
apical  summit,  and  the  abortion  of  the  odd  anterior  ambulacrum.  It  differs  from  the 
species  found  in  the  Ranikot  strata,  Eohimjins  anticttrsor,  nobis,  by  the  more  depressed 
test,  by  the  peculiar  escutcheon-shaped  outline  of  the  marginal  contour,  with  the 
marked  expansion  behind  the  posterior  petals,  by  the  tendency  to  carination  along 
the  abactinal  area,  and  the  consequent  subconoid  profile  when  viewed  transversely. 
The  ambulacral  petals  are  longer  and  their  relative  proportions  inter  se  are 
different. 

The  form  appears  very  constant,  and  is  represented  by  a  number  of  examples  from 
several  localities.  In  the  smaller  specimens,  however,  the  dorsal  carination  and  the 
depression  of  the  test  posteriorly,  as  well  as  the  expansion  laterally  behind  the  line  of 
the  posterior  petals,  do  not  appear  so  marked. 
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Localities.  In  the  Khirthar  series  of  strata  : — 

i.  Lowest  scarp  under  Karothur  hill,  eight  miles  east-north-east  of  Jungshahi 
(at  the  base  of  the  group).    Survey-number  "j^0. 

ii.  Three  or  four  miles  south-south-cast  of  Meting  (at  base  of  the  scarp). 
Survey-number 

iii.  On  the  road  about  four  miles  west  of  Kotri.  Survey-number 

x  2 
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Illustration  of  the  Species  in  Plate  XXXI. 

Fig.  11.  Abactinal  view  of  the  test:  natural  size. 

12.  Actinal  view  of  the  test:  natural  size. 

13.  Longitudinal  profile  of  the  test :  natural  size. 

14.  Abactinal  area,  showing  the  ambulacral  petals  and  apical  disk  :  magnified. 

15.  The  peristome  and  surrounding  portions  of  the  test:  magnified. 

Genus  ECHINOLAMPAS,  Gray,  1825. 

Test  more  or  less  oval  in  marginal  contour,  convex  above,  flat  or  subconcave 
beneath,  margins  more  or  less  tumid. 

Ambulacra  petaloid,  open  at  the  extremity,  and  not  greatly  convergent.  Poriferous 
zones  with  the  inner  pores  round  and  the  outer  pores  elongate,  the  pairs  being  united 
by  a  conjugating  groove.  Ambulacral  summit  usually  execntric  in  front.  Apical  disk 
compact 

Peristome  subcentral  or  slightly  excentric  in  front,  subpentagonal,  transverse: 
floscelle  present,  often  feebly  developed. 

Periproct  oval,  transverse,  inframarginal,  or  on  actinal  surface  close  to  the  pos- 
terior margin  of  the  test. 

Ornamentation  homogeneous.  Tubercles  small,  perforate,  non-crenulate,  sunken 
in  scrobicules,  uniform  and  crowded ;  miliary  granulation  more  or  less  compact. 

1.  Echinolampas  rotunda,  Duncan  &  Sladen.    Plate  XXVIII,  Figs.  1-6. 

Test  of  moderate  size.  Marginal  contour  subcircular,  with  a  slight  tendency  to 
elongation  in  the  longitudinal  axis,  and  a  slight  protuberance,  more  or  less  pronounced, 
in  the  posterior  part  of  the  lateral  interradia  corresponding  with  the  line  of  greatest 
breadth.  The  length  is  very  little  greater  than  the  breadth,  the  proportion  being  as 
1 :  0H4.  The  dorsal  surface  is  flatly  subconoid,  the  margins  being  very  thick  and 
regularly  tumid.  The  apical  summit  of  the  test  is  excentric  in  front,  and  its  height  is 
rather  more  than  half  the  length,  being  in  the  proportion  of  OaS  :  L  Seen  in  longitu- 
dinal profile,  the  anterior  slope  of  the  test  is  more  rapidly  inclined  than  the  posterior, 
and  appears  to  pass  continuously  from  the  apex  over  the  thick,  high  margin  as  a  portion 
of  a  parabolic  curve.  The  posterior  slope  is  faintly  depressed  at  a  short  distance  from 
the  apex,  and  is  the  fullest  and  most  convex  just  above  the  posterior  margin,  over 
which  it  passes  almost  precipitously.  The  transverse  profile  shows  the  subconoid  cha- 
racter of  the  dorsal  surface,  and  the  margins  are  thick  and  tumid.  The  actinal  surface 
is  remarkably  pulvinate,  the  test  being  tumid  around  the  deeply-depressed  peristome, 
the  tumidity  being  greatest  along  the  median  line  of  the  posterior  interradium,  and 
extending  around  the  lower  margin  of  the  periproct. 

The  apical  disk,  which  corresponds  with  the  summit  of  the  test,  is  rather  large. 
There  are  four  generative  pores,  the  anterior  pair  being  closer  together  than  the 
posterior  pair ;  and  the  central  disk,  which  is  entirely  occupied  by  the  punctures  of  the 
madreporite,  is  large  and  flat.    The  ocular  plates  are  small  and  subcrescentiform. 
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The  ambulacrni  petals  are  long,  extending  nearly  to  the  ambitus,  distinctly  petaloid 
in  outline,  expanding  in  the  middle  portion,  and  contracting  slightly  towards  the  outer 
extremity.  The  posterior  pair  are  the  longest  and  broadest,  and  the  odd  anterior 
ambulacrum  is  the  shortest  and  narrowest.  The  greatest  breadth  of  the  postero- 
lateral petal  is  about  of  the  length  of  the  test,  being  8-50  millim.  in  a  test 
68  millim.  long.  The  poriferous  zones  in  the  postero-lateral  and  in  the  odd  anterior 
petals  are  subequal,  the  companion  zones  in  each  petal  not  varying  in  length  from  each 
other  by  more  than  one  or  two  pairs  of  pores.  In  the  antero-lateral  petals,  however, 
the  posterior  zone  is  longer  than  the  anterior  zone  of  the  same  petal  by  ten  or  more 
pairs  of  pores.  The  posterior  zone  of  the  antero-lateral  petals  is  more  curved  than  the 
companion  zone,  forming  a  rather  wide  sweep  into  the  lateral  interradia,  the  convexity 
directed  backward*.  The  relative  curvature  of  the  zones  in  the  other  petals  is  about 
equal ;  and  the  general  direction  of  the  petals  from  the  apex  outwards  is  almost 
straight.  The  poriferous  zones  are  comparatively  narrow,  varying  very  little  through- 
out their  length  after  attaining  the  normal  width  at  a  short  distance  from  the  apex, 
and  their  width  decreasing  very  slightly  at  the  outer  extremity.  The  inner  pores  are 
round,  the  outer  pyriform  or  comma-shaped,  and  they  are  united  by  a  deep,  well- 
defined  groove.  The  divisional  costa;  are  narrow,  and  were  originally  ornamented  with 
a  single  row  of  five  or  six  small  granules,  of  which,  however,  nearly  all  traces  are  now 
obliterated,  except  in  one  or  two  very  rare  instances.  The  position  of  the  pairs  of 
pores  and  of  the  costa?  is  slightly  oblique,  the  line  of  direction  from  the  inner  to  the 
outer  pore  being  slightly  adoralwards.  The  width  of  the  poriferous  zone  at  its  widest 
part  is  T50  millim. :  and  the  width  of  the  interporiferous  area  at  the  broadest  part  of 
the  postero-lateral  petal  is  5  5  millim.  The  extra-petaloua  continuation  of  the  pori- 
ferous zone  is  indiscernible  until  well  on  the  actinal  surface,  where  its  course  is  indi- 
cated by  a  very  shallow  depression,  which  becomes  more  distinct  as  it  approaches  the 
peristome.  The  interporiferous  area  within  the  petals  is  slightly  tumid,  and  its  orna- 
mentation is  similar  to  that  of  the  interradia,  consisting  of  numerous  small  primary 
tubercles  situated  in  rather  deep  scrobicules,  so  closely  placed  that  the  interspaces, 
which  are  always  less  in  breadth  than  the  diameter  of  a  scrobiculc,  have  usually  only 
the  two  rows  of  miliary  granules  upon  them  which  form  the  boundary  of  two  adjacent 
scrobicules,  one  round  each.  The  tubercles  are  the  most  numerous  and  crowded  at  the 
ambitus  and  just  beneath,  and  the  most  widely  spaced  in  the  neighbourhood  of  the 
peristome.  They  are,  perhaps,  a  shade  larger  on  the  actinal  surface,  but  the  difference 
is  very  slight. 

The  peristome  is  slightly  exceutric  in  front ;  it  is  large,  subpcntagonal,  deeply 
impressed,  and  with  high  vertical  walls.  The  ambulacral  areas  become  very  contracted 
as  they  approach  the  peristome,  and  are  slightly  sunken,  forming  shallow  troughs, 
especially  in  the  three  anterior  ambulacra,  which  emphasize  the  very  slightly  swollen, 
incipieut  bourrelets  of  the  anterior  interradia.  This  slight  development  of  the  bour- 
relet  is  wanting  in  the  three  posterior  interradia ;  and  the  margin  of  the  peristome 
bounded  by  the  odd  posterior  interradium  has  the  test  rather  less  tumid,  and  is  instead 
more  inclined  towards  the  mouth,  than  the  other  parts  surrounding  the  aperture. 
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There  is  no  development  of  a  true  phyllode,  although  a  slight  tendency  exists 
to  form  an  inner  series  of  pores,  caused  by  the  stepping  out  of  an  occasional  pore  here 
and  there  from  the  normal  uniserial  rank.  The  transverse  diameter  of  the  peristome 
measures  about  S  millim.,  and  the  longitudinal  5  millim. 

The  periproct  is  very  large,  subtriangnlar  in  outline;  the  outer  margin,  which 
forms  the  base  of  the  triangle,  being  a  gentle  curve,  the  inner  margin  being  bounded 
by  two  very  slightly  curved  lines,  which  form  the  sides  of  the  triangle,  the  apex 
directed  towards  the  peristome,  and  the  lateral  angles  being  sharp.  The  periproct  is 
entirely  on  the  under  surface,  close  to  the  margin,  and,  being  situated  on  the  slight 
outward  slope  of  the  veutral  tumidity,  its  plane  is  directed  slightly  upwards.  The 
shorter  diameter  of  the  aperture,  which  corresponds  with  the  longitudinal  axis  of  the 
test,  measures  65  millim.,  and  the  transverse  diameter  12  millim. 

Remarks.  This  species  is,  perhaps,  most  nearly  allied  to  E.  discoideus,  d'Archiac ; 
but  is  distinguished  from  that  form  by  its  higher  test,  its  subconoidal  abactinal  surface, 
and  its  higher  and  more  tumid  margins.  It  is  further  distinguished  by  the  slightly 
tumid  iuterporiferous  areas  and  the  distinctly  pctaloid  outline  of  the  ambulacra,  the 
former  in  E.  distoideus  being  flush  with  the  test,  and  the  latter  almost  as  completely 
open  as  in  Conoelgpeus.  In  E.  discoideus  the  actinal  surface  is  described  as  "  sub-plan," 
and  the  periproct  small  and  fairly  regularly  elliptical.  In  these  points  this  species  is 
very  different.    AVc  know  of  no  other  form  with  which  E.  rotunda  can  be  confounded. 

There  is  a  crushed  specimen  which  is  larger  and  more  elongate  than  the  type,  and 
in  which  the  actinal  surface  appears  to  be  somewhat  less  tumid ;  but  this  is,  perhaps, 
owing  to  the  damage  it  has  sustained.  In  all  points  of  detail  it  accords  fully  with  the 
type  wc  have  described. 


Locality.  In  the  Khirthar  series:  River-section,  east  of  Trak.  Survey-number 


2.  Actinal  view  of  the  test :  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

4.  The  apical  disk  :  magnified. 

5.  A  portion  of  a  petal,  about  midway  between  the  extremity  and  the  apex  : 

magnified. 

C.  The  peristome  and  surrounding  portions  of  the  test :  maguified. 


Dimensions. 


Length  of  the  test   58 

Breadth  of  the  test   55 

Height  of  the  test   34 

Breadth  of  postero-lateral  petal  .  8-50 


of  anterolateral  petal  .  7-40 


millim, 


27-5  (crushed) 
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2.  Echixolahpas  srBCONiCA,  Duncan  &  Sladm.    Plate  XXVIII,  Figs.  7-11. 

Test  of  moderate  size.  Marginal  contour  suboval,  slightly  expanded  in  the 
posterior  region  of  the  lateral  interradia,  evenly  rounded  in  front,  feebly  rostrate 
behind.  The  length  is  rather  greater  than  the  breadth,  being  in  the  proportion  of 
1 : 0  86.  The  dorsal  surface  is  moderately  high,  subconical,  and  rather  pointed  at  the 
apex,  which  is  excentric  in  front,  and  the  greatest  height  is  rather  less  than  three  fifths 
of  the  length.  Seen  in  longitudinal  profile,  the  anterior  and  posterior  slopes  of  the 
abactinal  surface  appear  as  two  gentle,  evenly-rounded,  convex  curves  of  low  curvature, 
culminating  rather  sharply  or  pointedly  ut  the  apex  ;  the  anterior  slope  is  much  shorter 
and  more  precipitous  than  the  posterior,  and  continues,  without  any  interference,  in  iU 
course  over  the  thick  and  well-rounded  anterior  margin ;  the  posterior  slope  is  less 
inclined  than  the  anterior,  and  extends  as  a  regular  convex  or  subparabolic  curve  from 
the  apex  to  the  margin  of  the  periproct,  just  below  the  ambitus,  the  posterior  margin 
of  the  test  being  much  thinner  and  less  tumid  than  the  anterior.  Seen  in  transverse 
profile,  the  abactinal  surface  slopes  rather  rapidly  from  the  apex,  and  the  curvature 
being  slight,  the  conical  appearance  is  greatly  emphasized,  the  outline  passing  without 
interruption  over  the  moderately  thick  and  well-rounded  margins.  The  actinal  surface 
is  pulvinate,  the  peristome  being  depressed  and  the  surrounding  test  being  tumid, 
sloping  inwards  to  the  mouth,  and  outwards  with  a  slow  and  gradual  curve  to  the 
ambitus.  The  anterior  and  the  posterior  portions  of  the  test  are  the  most  tumid ;  and 
the  test,  when  placed  on  a  level  surface,  rests  on  these  regions  of  the  test  entirely. 
The  lateral  interradia  are  slightly  more  tumid  along  their  median  line,  which  gives, 
though  faintly,  a  rather  undulating  appearance  to  the  actinal  area. 

The  apical  disk  is  excentric  in  front.  In  the  specimen  under  notice  there  are 
only  two  generative  pores,  the  left  anterior  and  the  left  posterior  pores  being  aborted; 
the  whole  of  the  centre  of  the  disk  is  occupied  by  a  rather  large  madrcporiform  body, 
which  is  not  prominent,  but  is  ornamented  with  a  few  moderately  large  granules  widely 
spaced  and  irregularly  placed. 

The  ambulacral  petals  are  long  and  narrow.  The  posterior  pair  are  the  longest 
and  the  broadest ;  the  anterior  pair  and  the  odd  anterior  ambulacrum  are  subequal  in 
length,  but  the  odd  anterior  petal  is  narrower  than  the  pair.  The  shape  of  the  petals 
is  lanceolate  and  very  attenuate  and  tapering  to  the  apex,  and  their  contraction  at  the 
outer  extremity  is  very  slight.  The  greatest  breadth  of  the  postero-lateral  petal  is 
7  millim.,  or  -i\n/u  of  the  length  of  the  test.  The  poriferous  zones  in  all  the  petals  are 
slightly  unequal ;  the  posterior  zone  in  the  posterior  petals  and  the  anterior  zone  in 
anterior  petals  being  shorter  than  the  companion  zones  in  the  respective  petals,  the 
difference,  however,  not  being  more  than  five  or  six  pairs  of  pores  in  the  anterior  petals, 
and  less  in  the  posterior  petals.  In  the  anterior  pair  of  petals  the  posterior  zone  is 
more  curved  than  the  anterior  zone ;  it  is  boldly  convex  into  the  lateral  interradia,  aud 
presents  a  faint  trace  of  sigmoid  curvature  in  consequence  of  the  zone  at  the  extreme 
tip  being  slightly  bent  backwards.  The  posterior  zone  of  the  posterior  petals  is  also 
slightly  more  curved  than  the  companion  anterior  zone,  and  there  is  also  the  same  faint 
outward  turn  of  the  poriferous  zone  at  the  extremity  ;  but  neither  character  is  developed 
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to  the  same  degree  as  in  the  anterior  petals.  At  the  widest  part  of  the  posterior  am- 
bulacra, where  the  petal  measures  7  millim.  across,  the  interporiferons  area  is  4  millim. 
in  breadth,  and  the  poriferous  zone  is  1"60  millim.  broad:  from  this  point  the  zone 
diminishes  in  breadth  to  the  outer  extremity,  where  it  is  little  more  than  half  the 
width  named,  and  less  than  1  millim.  across.  At  the  outer  extremity  of  the  petal  the 
interporiferous  area  measures  4-25  millim.  across.  The  inner  pores  are  round,  the  outer 
transversely  oval,  and  they  are  united  by  a  broad  conjugating  groove.  The  cost*  are 
low  and  narrow,  with  a  well-defined  single  row  of  about  seven  small  miliary  granules ; 
and  the  positions  of  the  costre  and  the  pairs  of  pores  arc  oblique  in  relation  to  the 
median  line  of  the  ambulacrum.  The  extra-petalous  continuations  of  the  poriferous 
zones  are  scarcely  perceptible  until  near  the  peristome,  and  arc  not  placed  in  any 
channel  on  the  actinal  surface. 

The  interporiferous  area  within  the  petal  is  almost  flush  with  the  test,  being  very 
faintly  tumid  ;  and  its  ornamentation,  which  is  similar  to  that  of  the  interradia,  is  rather 
more  ornate  than  usual  in  this  genus.  It  consists  of  small  primary  tubercles  placed  in 
rather  large  and  shallow  scrobicules,  which  are  surrounded  by  a  single  circlet  of  rather 
large,  well-spaced,  and  comparatively  isolated  miliary  granules.  From  these  not  forming 
the  ordinary  confluent  ornamentation  usual  in  the  intersjMiccs  between  the  scrobicules 
in  this  genus,  and  from  the  small  size  of  the  primary  tubercles,  the  general  ornamen- 
tation is  well  characterized  in  the  present  species.  At  the  ambitus  and  on  the  actinal 
surface  the  scrobicules  are  very  closely  placed,  with  not  more  than  a  single  row  of  miliaries 
between  each  ;  but  in  places  on  the  abactinal  surface  they  are  rather  more  widely  spaced. 

The  peristome  is  slightly  excentric  in  front;  it  is,  unfortunately,  too  much  obscured 
by  matrix  for  any  remarks  to  be  made  on  its  structure. 

The  periproct,  which  is  of  moderate  size  and  transversely  oval,  is  placed  close  to 
the  posterior  margin  of  the  test,  its  aboral  margin  encroaching  slightly  thereon.  The 
major  diameter  measures  10  millim.,  the  minor  diameter  being  probably  little  more  than  5. 

Remarks.  This  species  has  some  resemblance  to  E.  rotunda,  but  is  readily 
distinguished  by  the  different  form  and  proportions  of  the  test,  by  the  narrow  and 
apically-pointcd  and  attenuate  ambulacra,  which  are  unequal  and  do  not  converge  at 
their  outer  extremity,  as  well  as  by  the  different  character  of  the  ornamentation. 

From  E.  scutifonnis,  Desm.,  it  differs  in  the  form  of  the  test,  the  absence  of  the 
posterior  rostration,  the  greater  excentricity  of  the  apical  disk,  and  in  the  character  of 
the  ambulacra.  It  is  likewise  easily  separated  from  E.  Sluderi,  Agassiz,  E.  Escheri, 
Agassiz,  and  E.  globulus,  Laubc,  by  the  form  of  the  test  and  the  shape  of  the  ambu- 
lacra, as  well  as  by  other  points.  We  are  unacquainted  with  any  other  Echinolampad 
with  which  it  can  be  confounded. 


lJimensions. 


millim. 


Length  of  the  test 
Breadth  of  the  test 
Height  of  the  test 


Breadth  of  the  postero-lateral  petal  . 
„       „      antero-latcral  petal  . 


(15 
56 
33 
7 
6 
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Locality.  In  the  Khirthar  scries :  Twenty-four  miles  west  of  Kotri  (entering  the 
hills  on  the  road  to  Bula  Khan's  Thana).   Survey-number  °.2?0. 

Hlust rations  of  the  Species  in  Plate  XXVIII. 

Fig.  7.  Abactinal  view  of  the  test :  natural  size. 

8.  Actinal  view  of  the  test :  natural  size. 

9.  Longitudinal  profile  of  the  test :  natural  size. 

10.  The  apical  disk :  magnified. 

11.  A  portion  of  the  petal  about  midway  between  the  apex  and  the  extremity : 

magnified. 

3.  Echinoluipas  obesa,  Duncan  &  S  lad  en.    Plate  XX  VIII,  Figs.  12-16. 

Test  rather  large.  Marginal  contour  regularly  oval,  the  breadth  being  about 
four  fifths  of  the  length  or  in  the  proportion  of  0-8:1.  The  outline  at  the  ambitus  is 
well  rounded  in  front  and  almost  equally  so  behind,  there  being  only  the  faintest  trace 
of  flattening  in  the  curve  behind  the  extremities  of  the  posterior  petals.  The  apical 
summit  of  the  test  is  subcentral,  and  its  height  is  about  three  fifths  of  the  length  of 
the  test,  or  as  0  59 : 1 .  Seen  in  longitudinal  profile  the  dorsal  surface  is  full  and 
convex,  the  posterior  curve  being  fuller  and  more  convex  than  the  anterior ;  the 
posterior  curve  is  uninterrupted  by  any  marginal  tumidity  until  it  reaches  the  periproct ; 
whilst  the  anterior  curve  passes  gently  over  the  thick  and  tumid  anterior  margin. 
Seen  in  transverse  profile  the  dorsal  convexity  has  a  slightly  conical  appearance, 
merging  imperceptibly  into  the  marginal  part  of  the  test,  and  then  curving  rather 
sharply  over  on  to  the  actinal  surface.  When  seen  from  behind  the  periproct  is  wholly- 
visible,  being  situated  within  the  margin.  The  actinal  surface  is  very  tumid  and 
pulvinate,  the  rounded  summit  of  the  tumidity  midway  between  the  ambitus  and  the 
peristome  being  the  only  resting  plane  of  the  test. 

The  apical  disk  is  rather  large  and  is  placed  considerably  in  front  of  the  summit 
of  the  test,  its  distance  from  the  anterior  margin  being  about  two  fifths  of  the  length 
of  the  test  The  four  genital  pores  are  large  and  oval,  and  the  anterior  pair  are  nearer 
together  than  the  posterior  pair.  The  central  portion  is  large,  rather  prominent, 
undulating,  subtuberculate,  with  a  few  small  widely-spaced  granules,  and  the  whole 
surface  covered  with  the  perforations  of  the  inadreporito.  The  ocular  plates  are  very 
small,  subtriangular  in  shape,  and  their  foramina  microscopic. 

The  ambulacral  petals  are  long  and  comparatively  narrow  ;  the  posterior  pair  are 
the  longest  and  rather  broader  than  the  others,  and  the  odd  anterior  ambulacrum  is  the 
shortest  and  narrowest.  The  posterior  petals  arc  slightly  curved,  with  the  convexity 
towards  the  posterior  interradium.  The  poriferous  zones  diverge  gradually  in  all  the 
petals  as  they  proceed  from  the  apex,  and  their  convergence  towards  the  outer  extre- 
mity is  scarcely  perceptible,  not  exceeding  half  a  millim.,  their  outline  being  in  conse- 
quence wedge-shaped  rather  than  petuloid.  The  greatest  breadth  of  the  postero- 
lateral petal  is  8  millim.,  or  about  rV0*u  of  the  length  of  the  test.    In  the  autero-lateral 
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ambulacra  the  poriferous  zones  are  unequal,  the  posterior  zone  being  longer  by  about 
nine  pairs  of  pores  than  its  companion,  and  it  is  also  more  curved;  but  this  only 
to  a  slight  degree.    The  poriferous  zones  of  the  other  petals  are  subequal. 

The  poriferous  zones  are  rather  narrow,  measuring  T5  millim.  at  the  widest  part 
and  diminishing  gradually  towards  the  outer  extremity,  where  they  are  little  more  than 
half  this  breadth.  Near  the  apex  the  pores  are  unusually  small,  and,  in  the  specimen 
under  description,  a  number  of  the  pairs  of  pores  are  aborted  near  the  apex.  The 
inner  pores  arc  round,  the  outer  transversely  elongate,  and  they  are  united  by  a  broad 
groove.  The  intervening  costa?  are  low,  narrow,  and  are  ornamented  with  a  single  line 
of  about  six  well-defined  granules.  The  positions  of  the  pairs  of  pores  and  of  the  costa? 
are  rather  oblique  in  relation  to  the  median  line  of  the  petal,  and  tho  obliquity 
increases  as  they  approach  the  outer  extremity.  The  cxtra-petalous  continuations  of 
the  poriferous  zones  are  situated  in  very  slight  channels.  The  width  of  the  inter- 
poriferous  area  at  the  widest  part  of  the  postero-lateral  petal  is  4  millim.,  and  it  is  only 
a  shade  narrower  than  this  at  the  outer  extremity ;  towards  the  apex  the  areas  are 
narrow  and  attenuate,  and  resemble  E.  aubconica,  nobis,  in  not  expanding  rapidly  into 
the  petaloid  form  so  frequent  in  this  genus.  The  interporiferous  areas  arc  flush  with  the 
test,  or  only  so  faintly  tumid  that  the  character  is  scarcely  noticeable.  The  odd  posterior 
interradium  is  very  full  and  tumidly  convex,  with  a  tendency  to  become  subcarinate  at 
tho  apical  extremity  ;  there  is  also  a  slight  tendency,  but  much  more  feebly  exhibited, 
in  the  other  interradia  (especially  the  laterals)  to  become  a  little  prominent  near  the 
apex,  which  produces  the  appearance  of  the  ambulacra  being  slightly  sunken  there. 
The  lateral  and  anterior  interradia  do  not  present  any  conspicuous  tumidity,  and  the 
test,  as  a  whole,  is  gradually  reduced  in  capacity  towards  the  anterior  extremity.  The 
ornamentation  of  the  interporiferous  areas  is  similar  in  character  to  that  of  the  inter- 
radia, excepting  that  the  primary  tubercles  are  somewhat  more  regular  in  position 
and  more  closely  crowded.  Throughout  the  test  the  scrobicules  are  closely  placed,  the 
intermediate  spaces  being  seldom  occupied  by  more  than  the  single  circlet  of  com- 
paratively large,  well-spaced  miliary  granules,  which  surround  the  scrobicules.  The 
ornamentation  is  most  crowded  just  below  the  ambitus,  the  intermediate  spaces  between 
the  scrobicules  being  reduced  to  simple  septum-like  structures.  The  ornamentation  of 
this  species  seems  to  stand  intermediate  between  that  of  E.  mbronica  and  that  of  the 
ordinary  Echinolampas  type. 

The  whole  of  the  central  portion  of  the  actinal  surface  is  obscured  by  matrix, 
which  renders  any  observations  on  the  peristome  and  neighbouring  portions  of  the  test 
impossible. 

The  periproct  is  situated  in  the  actinal  portion  of  the  tumid  curve  of  the  margin, 
and  is  consequently  truly  marginal.  Its  shape  is  transversely  oval,  and  the  greater  and 
less  diameters  are  not  more  than  9  and  7  millim.  respectively ;  but,  owing  to  fracture, 
the  exact  measures  cannot  be  given. 

The  test  subjacent  to  the  adoral  margin  of  the  periproct  showB  traces  of  some 
tumidity,  and  there  is  a  slight  bevelling  of  the  test  towards  the  aperture  on  that 
margin. 
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Remark*.  Tliis  form  has  some  affinities  with  E.  subconica,  nobis,  and  also  with 
that  group  of  Echinolampads  of  which  E.  Escheri,  Agassiz,  and  E.  mtbcylindricus, 
Desor,  are  the  representatives.  It  is  distinguished  from  E.  subconica  by  the  form  of  the 
test,  the  position  of  the  apical  summit,  and  the  trend  of  the  posterior  petals,  as  well  as 
by  the  position  of  the  periproct  and  the  general  tumidity  of  the  lateral  regions  of  the 
test  and  of  the  actinal  surface.  It  is  readily  distinguished  from  both  E.  Escheri  and 
E.  subcylindricus  by  the  form  of  the  test  and  by  the  character,  outline,  and  position  of 
the  ambulacral  petals.  It  is  probably,  however,  the  eastern  representative  of  the  last- 
named  species,  although  the  differences  between  them  are  very  great 

Dimetuwn*. 

Length  of  the  test   71 

Breadth  of  the  test   57 

Height  of  the  test   42 

Breadth  of  the  postero-lateral  petal  ...  8 

„       „       anterolateral  petal    ...  7 

Locality.  In  the  Khirthar  series  of  strata.  Twenty-four  miles  west  of  Kotri 
(entering  the  hills  on  the  road  to  Bula  Khan's  Thana).  Survey-number 

Illustrations  of  the  Species  in  Plate  XXVIII. 

Fig.  12.  Abactinal  view  of  the  test :  natural  size. 

13.  Actinal  view  of  the  test:  natural  size. 

14.  Longitudinal  profile  of  the  test :  natural  size. 

15.  The  apical  disk :  magnified. 

16.  A  portion  of  a  petal  about  midway  between  the  apex  and  the  extremity : 

magnified. 

4.  EnnxuLAMPAS  Sindensis,  d'Archiac.    Plate  XXIX,  Figs.  1-10. 

Test  usually  of  moderate  size,  but  occasionally  attaining  large  proportions. 
Marginal  contour  oval,  well  rounded  in  front,  sometimes  rather  flattened  along  the 
sides,  and  faintly  rostrated  posteriorly.  The  breadth  is  in  the  proportion  of  80  per 
cent,  of  the  length.  Apical  disk  excentric  in  front  and  corresponding  with  the  apical 
summit  of  the  test,  its  distance  from  the  anterior  extremity  being  40  G  per  cent.,  or  a 
little  more  than  two  fifths  of  the  length  of  the  test.  The  dorsal  surface  is  moderately 
higli  and  well  arched,  measuring  at  the  summit  a  little  more  than  45  per  cent,,  or  nine 
twentieths  of  the  length  of  the  test.  Seen  in  longitudinal  profile  the  dorsal  outline 
shows  a  well-rounded  convexity,  the  anterior  slope  being  more  precipitous  than  the 
posterior,  the  posterior  slope  rounding  gently  and  then  curving  rapidly  over  the 
posterior  rostration.  The  transverse  profile  shows  a  regidar  and  almost  semi- 
circular curve.  The  margins  are  tumid  and  rather  sharply  rounded  on  to  the  actinal 
surface,  which  is  more  or  less  plain,  excepting  a  geutle  depression  around  the  peristome, 
and  the  rounding  which  masks  the  imperceptible  junction  of  the  margins  and  the 
actinal  surface. 

y  2 
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The  apical  disk  is  small ;  and  there  are  four  genital  pores,  winch  are  large  and 
oval,  occupying  nearly  the  whole  of  their  plate;  the  anterior  pair  rather  closer 
together  than  the  posterior  pair.  The  ocular  plates  arc  small  and  their  pores  very 
minute,  and  the  posterior  pair  are  wide  apart.  The  whole  of  the  central  portion 
is  occupied  by  the  madreporiforra  body,  and  this,  in  some  instances,  is  slightly  convex. 

The  ambulacral  petals  are  narrow,  and  of  almost  uniform  breadth  a  little  distance 
from  the  apical  disk,  expanding  very  slightly  near  the  middle  of  their  length,  and  the 
contraction  at  the  outer  extremity  being  also  very  insignificant.  They  terminate  some- 
what abruptly  at  a  short  distance  before  the  rounding  of  the  margin  commences.  The 
posterior  petals  are  the  longest,  and  the  odd  anterior  petal  is  slightly  narrower  than 
the  others.  The  breadth  of  one  of  the  paired  petals  is  in  the  proportion  of  about 
of  the  length  of  the  test.  The  poriferous  zones  are  unequal ;  the  anterior  zones  of  the 
antero-lateral  petals  and  the  posterior  zones  of  the  postero-lateral  petals  being  shorter 
than  the  companion  zone  of  the  same  petal.  The  breadth  of  the  poriferous  zone, 
excepting  the  narrow  apical  extremity,  varies  only  slightly  throughout  the  remaining 
portion  of  its  length,  the  increase  in  size  at  the  widest  part,  and  likewise  the  decrease 
towards  the  outward  extremity,  being  slight.  At  the  widest  portion  of  the  petal  the 
width  of  the  poriferous  zone  barely  exceeds  one  fourth  of  the  width  of  the  inter- 
poriferous  area,  the  actual  breadth  of  the  zone  being  only  a  shade  more  than  1  millim. 
in  an  example  5.S  millim.  in  length.  The  inner  pores  of  a  zone  are  round,  and  the 
outer  pores  elongate  or  pyriform,  the  pair  being  united  by  a  well-defined  channel. 
The  divisional  septum  between  each  pair  is  rather  broader  than  the  conjunctive 
channel,  and  is  ornamented  by  a  single  line  of  small  miliary  granules.  At  about  one 
fourth  of  the  distance  from  the  apical  to  the  outer  extremity  of  the  postero-latcral 
petals  the  anterior  zone  is  bent  slightly  outward,  appearing  to  curve  somewhat 
encroachingly  upon  the  postero-lateral  interradial  area,  whilst  the  posterior  zones  arc 
comparatively  straight  and  do  not  correspondingly  encroach  upon  the  odd  posterior 
interradium.  This  gives  the  character  of  a  slightly  outward  flexure  to  the  posterior 
petals.  At  the  extremity  of  the  petals,  where  the  conjugate  pores  cease,  the  poriferous 
zone  is  continued  in  a  single  line  of  pores,  sunken  in  a  faint  depression  or  channel,  and 
extending  up  to  the  peristome,  in  the  neighbourhood  of  which  there  is  some  irregularity 
in  the  serial  arrangement  of  the  pores  consequent  on  the  presence  of  intercalated 
ambulacral  plates,  by  which  the  incipient  phyllodc  is  produced.  The  lines  formed  by 
the  simple  portion  of  the  two  poriferous  zones  of  a  petal  expand  wider  apart  as  they 
proceed  from  the  extremity  of  the  petal  to  the  ambitus,  and  again  converge  from  the 
ambitus  to  the  peristome.  The  course  of  the  three  anterior  ambulacra  on  the  actinal 
surface  is  comparatively  straight,  that  of  the  posterior  pair  being  more  or  less  curved, 
*  bending  with  a  slight  and  graceful  flexure  which  encroaches  on  the  odd  portions  of 
the  interradial  area.  The  interporiferous  areas  are  flush  with  the  surface  of  the  test, 
both  within  and  without  the  petal,  and  their  ornamentation  is  similar  to  that  of  the 
interradial  areas. 

The  antero-lateral  and  the  postero-lateral  interradial  areas  present  no  tumidity 
either  in  the  abactinal  or  actinal  regions.  The  odd  posterior  interradium  is  slightly- 
tumid  dorsally  over,  and  in  conformity  with,  the  posterior  rostratiou;  and  there  is 
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also  a  swelling  along  the  median  line  of  this  area  on  the  actinal  surface,  which  expands 
towards  the  margin  in  the  neighbourhood  of  the  periproct.  The  ornamentation 
of  the  interradial  and  interporiferous  areas  is  uniform  and  small ;  it  consists  of 
numerous  small  primary  tubercles,  indistinctly  crenulated,  and  with  a  minute  perforated 
mamelon,  sunken  in  deep  narrow  scrobicules,  the  intermediate  spaces  being  very 
narrow,  in  the  narrowest  part  not  more  than  the  width  of  a  single  row  of  granules,  and 
at  the  wider  parts,  in  the  spaces  between  adjacent  scrobicules,  always  less  than  the 
width  of  the  scrobicule.  The  surface  is  covered  with  very  minute  and  not  particularly 
closely  crowded  miliary  granules.  The  primary  tubercles  are  the  most  crowded  at  the 
ambitus,  and  become  slightly  larger  and  rather  more  widely  spaced  on  the  actinal 
surface.  A  well-defined  band,  devoid  of  primary  tubercles,  extends  along  the  median 
interradial  line  between  the  peristome  and  the  periproct. 

The  peristome  is  Large,  central,  sunken  in  a  slight  depression  of  the  test,  penta- 
gonal, having  the  transverse  diameter  greater  than  the  longitudinal.  The  ambulacral 
areas,  as  before  noticed,  contract  on  approaching  the  peristome,  and  at  a  short  distance 
from  the  extremity  arc  sunken  in  a  depression  which  increases  until  it  falls  into  the 
peristome,  where  the  test  is  well  channclled-out ;  in  this  manner  a  prominence  is  given 
to  the  otherwise  feebly-developed  bourrelets.  The  two  anterior  bourrelets  are  broader 
and  more  pronounced  than  the  postero-laterals,  and  the  odd  posterior  one  is  also 
broader  and  somewhat  flattened  along  its  margin.  The  floscelle  is  only  feebly 
developed,  the  rudimentary  phyllodes  being  very  inconspicuous  and  represented  only 
by  a  short  line  of  four  or  five  supplementary  pores  within  each  column  of  ambulacral 
plates.  The  pores  arc  rather  wide  apart ;  and  the  two  lines  of  supplementary  pores, 
present  in  each  ambulacrum,  converge  slightly  as  they  approach  the  peristome.  Some- 
times there  is  a  faint  outswelling  of  the  poriferous  zone  just  before  the  extremity,  and 
not  unfreqnently  some  irregularity  in  the  serial  disposition  of  the  pores,  which  slightly 
emphasizes  the  character  of  the  phyllode. 

The  periproct  is  large,  transverse,  subelliptical,  placed  close  to  the  margin,  on  the 
rounding  which  unites  the  ambitus  with  the  actinal  surface  and  immediately  under  the 
posterior  rostration.  Consequent  on  this  slightly  oblique  position  (in  relation  to  the 
plane  of  the  actinal  surface),  the  presence  of  the  orifice  is  just  discernible  when  the 
posterior  part  of  the  test  is  placed  in  direct  line  of  view.  This  aperture  has  a  major 
diameter  of  10  millim.  and  a  minor  diameter  of  5  millim.,  in  an  example  06  millim 
long  ;  the  major  diameter  of  the  peristome  being  about  7  millim.,  and  the  minor  little 
more  than  4  millim.,  in  the  same  specimen. 

Premature  form.  In  young  examples,  which  measure  43  millim.  in  length,  the  test 
is  relatively  higher,  much  thicker  and  more  tumid  at  the  margins,  and  tumid  on  the 
actinal  surface,  the  flatter  character  of  the  adult  form  being  as  yet  undeveloped.  The 
peristome  is  large  and  subelliptical,  without  any  trace  of  the  pentagonal  outline ;  and 
the  bourrelets  are  indicated  only  by  the  faintest  swelling  of  the  plates  in  the  two  anterior 
interradial  areas.  The  periproct  is  large,  and  is  situated  at  a  higher  level  than  in  the 
adult,  and  is  quite  in  the  margin.  Examples  having  broad  poriferous  zones  are  clearly 
distinguishable  at  this  age  from  those  with  the  narrow  zones — size  and  all  other 
characters  of  the  tests  being  similar.    We  are  unfortunately  not  in  a  position  to  say 
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any  thing  as  to  the  form  of  the  earlier  stages  of  this  species;  but  it  may  be  men- 
tioned parenthetically  that  some  small  tests,  which  we  have  regarded  as  the  young  of 
another  species  (Eckinolampas  angustifolia),  may  possibly  belong  to  E.  Sindensis.  The 
grounds  upon  which  our  determination  is  based  will  be  found  in  the  description  of  the 
species  in  question  ;  and  we  at  present  confine  ourselves  to  mentioning  the  circumstance 
in  the  hope  that  a  larger  supply  of  material  will  furnish  a  solution  to  the  difficulty. 

Remarks.  The  type  of  d'Archiac's  species  in  the  Museum  of  the  Geological  Society 
is  a  very  unsatisfactory  specimen  and  scarcely  worthy  of  recognition ;  it  also  accords 
very  poorly  with  the  description  given  in  the  text  (op.  cit.  p.  210),  and  likewise  with 
the  figures.  Under  these  circumstances  it  would  obviously  be  both  useless  and  un- 
profitable to  draw  any  lengthy  comparisons.  Numerous  specimens  of  an  Echinolampas 
which  appears  to  be  very  common  in  Sind,  and  accords  most  nearly  with  the  old  specimen 
above  referred  to,  and  which  has  further  been  regarded  provisionally  by  the  Surveyors 
(although  with  doubt)  as  probably  belonging  to  d'Archiac's  species,  are  well  repre- 
sented in  the  collection  of  Khirthar  fossils.  It  is  to  this  form  that  wc  have  assigned 
d'Archiac's  specific  name,  rather  from  unwillingness  to  burden  the  nomenclature  with 
an  additional  name  than  as  an  expression  of  our  opinion  as  to  its  conformity  with  the 
unintelligible  and  contradictory  type  and  description  of  our  predecessors.  The  form  is 
well  marked,  and  we  arc  unacquainted  with  any  other  species  with  which  it  can  be 
confounded.  The  variety  hemisphcerica  is  also  well  marked,  and  has  not  yet  been 
found  associated  with  the  type-form  of  the  species. 


Dimensions. 
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Breadth  of  the  test  .... 

Height  of  the  test  

Breadth  of  postero-lateral  petal 

Locality.  In  the  Khirthar  series  of  strata :    Baili,  west  of  Tong.  Survey-number 

Illustrations  of  tlie  Species  in  Plate  XXIX. 
Fig.  L  Abactinal  view  of  the  test  of  a  large  example:  natural  size. 

2.  Longitudinal  profile  of  the  same  specimen  :  natural  size. 

3.  Abactinal  view  of  a  test  of  the  ordinary  size :  natural  size. 

4.  Actinal  view  of  the  same :  natural  size. 

5.  Longitudinal  profile  of  the  same:  natural  size. 

6.  Peristome  and  surrounding  parts  of  the  test  from  another  specimen : 

magnified. 

7.  A  portion  of  the  ambulacral  area,  near  the  middle  of  a  petal:  magnified. 

8.  Abactinal  view  of  the  test  of  a  young  specimen:  natural  size. 

9.  Actinal  view  of  the  tame  test :  natural  size. 
10.  Longitudinal  profile  of  the  same1  natural  size. 
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5.  BoniSOUMPAS  Sindkxsis,  var.  nKMi.srn.EmcA,  Duncan  d-  Sladen.    Plate  XXIX, 
Figs.  11-17. 

On  examining  a  large  series  of  specimens  from  different  localities  a  considerable 
amount  of  variation  may  be  observed.  This  chiefly  affects  the  proportions  of  length, 
breadth,  and  height ;  and,  although  associated  in  some  instances  with  other  small 
structural  modifications,  which  separately  and  at  first  sight  appear  striking,  we  do 
not,  after  a  careful  comparative  review  of  the  series,  feel  justified  in  regarding  them  as 
specifically  distinct  from  the  present  form. 

A  well-marked  variety,  constant  through  various  phases  of  growth  and  in  different 
localities,  is  characterized  in  the  following  manner.  The  disproportion  between  the 
length  and  breadth  is  rather  less,  and  the  marginal  contour  is  also  more  truly  oval ;  the 
height  is  greater,  the  dorsal  surface  has  a  more  inflated  appearance,  and  when  seen  in 
longitudinal  profile  is  almost  semicircular,  the  difference  between  the  curvature  of  the 
anterior  and  posterior  slopes  being  scarcely  perceptible.  The  rounding  at  the  margin 
is  somewhat  sharper,  which  gives  the  actinal  surface  a  rather  flatter  appearance ;  and 
this  character  is  further  emphasized  by  the  slightly  smaller  extent,  of  the  central 
depression  of  the  test  around  the  peristome.  The  bourrclets  are,  perhaps,  rather  more 
prominently  developed.  The  summit  of  the  test  is  more  central,  and  consequently 
behind  the  apical  disk.  The  poriferous  zones  are  broader  in  relation  to  the  inter- 
poriferous  area. 

Although  the  majority  of  the  characters  here  noticed  are  found  in  specimens  which 
we  regard  as  the  young  of  the  type  form  of  E.  Sindensia,  they  are  remarkably  constant 
in  a  series  of  tests  of  all  sizes,  the  greater  number  being  quite  as  large  as  those  of 
E.  Sindtnsis,  which  present  all  the  characters  ascribed  to  the  adult  form  of  the  type, 
and  one  example  being  much  larger  than  the  average  size  of  that  form.  If  only  a 
small  number  of  examples  had  been  available  for  study,  it  is  probable  that  the  form 
would  have  been  regarded  as  a  separate  species  ;  but  after  studying  the  material  at  our 
disposal  we  do  not  at  present  feel  justified  in  considering  this  form  otherwise  than  as  a 
well-marked  variety  of  E.  Sindensis.  In  addition  to  the  remarks  above  made  as  to  the 
young  stages  of  growth,  it  may  also  be  observed  that  examples  of  the  type  form  occur 
in  which  the  test  is  higher  than  usual,  with  the  dorsal  profile  approaching  the 
hemispherical  outline,  and  which  have  the  wide  poriferous  zones  characteristic  of  our 
variety. 

Young  forms.  The  characters  above  enumerated  arc  present  in  a  relative  degree 
throughout  a  series  of  specimens  which  range  from  40  to  77  millim.  in  length.  A 
smaller  test,  32  millim.  in  length,  which,  from  its  general  habit  and  association,  we 
also  place  under  the  variety,  approaches  a  subcylindrical  form.  The  margins  are  thick 
and  tumid ;  the  actinal  surface  tumid,  and  with  no  trace  of  the  flatness  which  cha- 
racterizes the  later  stages  of  growth.  Unfortunately  the  details  of  this  example  are 
badly  preserved.    A  drawing  of  the  specimen  is  given  in  Figs.  16  &  17. 
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Itimensions. 
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Localities.  In  the  Khirthar  series : — 

i.  Itohri,  Upper  Sind.    Survey-number  °i^0. 

ii.  Kohri  on  the  Indus,  Upper  Sind.  Survey-number 

iii.  West  side  of  Bhago-Thoro  hill,  south  of  Sehwan.  Survey-number 

Illustrations  of  the  Variety  in  Plate  XXIX. 
Fig.  11.  Abactinal  view  of  the  test:  natural  size. 

12.  Actinal  view  of  the  same :  natural  size. 

13.  Longitudinal  profile  of  the  same:  natural  size. 

14.  Longitudinal  profile  of  another  specimen,  somewhat  less  tumid  :  natural 

size. 

15.  Longitudinal  profile  of  a  large  specimen :  natural  size. 

16.  Abactinal  view  of  the  test  of  a  small  specimen:  natural  size. 

17.  Longitudinal  profile  of  the  same :  natural  size. 

6.  Ecu  i. vol  am  n.\s  axgistifolia,  Duncan  <f-  Sladen.    Plate  XXX,  Figs.  1-11. 

Test  of  moderate  size.  Marginal  contour  elongately  oval,  presenting  no  promi- 
nences to  disturb  the  regularity  of  the  outline,  excepting  the  more  or  less  prominent 
posterior  rostration.  The  breadth  is  equal  to  about  four  fifths  of  the  length,  or  is  in  the 
proportion  of  0'79  :  1.  Tbe  dorsal  surface  is  high  and  tumid  ;  the  height  about  equal 
to  half  the  length.  The  apical  disk  is  cxccntric  in  front,  the  relation  of  the  anterior 
to  the  posterior  portion  of  the  median  line  being  approximately  in  the  proportion  of 
2  :  3.  Seen  in  longitudinal  profile,  the  posterior  slope  of  the  dorsal  outline  lias  a  very 
small  angle  of  inclination,  and  then  turves  rapidly  at  the  posterior  extremity,  which  is 
very  high  and  thick.  Unfortunately  in  the  type  specimen  this  extremity  has  been 
destroyed,  and  also  the  anterior  part  of  the  dorsal  surface.  In  two  smaller  examples 
the  anterior  slope  is  much  more  inclined,  and  the  anterior  margin  comparatively  thin. 
That  this  was  also  the  character  of  the  larger  specimen  there  is  little  doubt,  from  the 
indications  that  remain.  In  the  smaller  specimen,  two  thirds  the  size  of  the  type,  the 
periproct  is  placed  very  high  in  the  margin,  wholly  removed  from  the  ventral  surface, 
and  almost  vertical  in  position ;  it  is  slightly  arched  over  by  the  posterior  rostration. 
The  transverse  profile  shows  the  dorsal  area  to  be  a  regular  convex  curve  of  low 
elevation,  with  the  sides  of  the  test  very  thick  and  tumid,  and  the  outline  curving 
thence  gently  on  to  the  tumid  actinal  surface.  The  tumidity  of  the  actinal  suiface  is 
very  characteristic ;  tbe  test  around  the  peristome  is  moderately  depressed,  and  there 
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is  a  strongly  marked  tumidity,  amounting  almost  to  carination,  along  the  median  line  of 
the  posterior  interradium,  increasing  towards  the  margin,  and  forming  a  prominent 
swelling  of  the  test  beneath  the  level  of  the  periproctal  aperture. 

The  ambulacral  petals  are  narrow.  The  posterior  pair  are  long,  straight,  and 
lanceolate  in  form,  expanding  slightly  towards  the  middle  portion,  and  then  contracting 
towards  their  outer  extremity.  The  poriferous  zones  are  narrow,  and  vary  only  slightly 
throughout  their  length ;  the  increase  in  breadth  towards  the  widest  part  being  slight, 
and  the  contraction  towards  the  extremity  comparatively  small.  In  the  posterior 
pair  of  petals  the  anterior  zone  is  three  or  four  pairs  of  pores  longer  than  the 
posterior  zone.  The  breadth  of  one  of  the  posterior  petals  is  in  the  proportion  of 
about  tVoo  of  the  length  of  the  test ;  and  the  breadth  of  the  poriferous  zone  at  its 
widest  part  is  one  fourth  of  the  width  of  the  interporiferous  area.  The  anterior 
petals  are  much  shorter  than  the  posterior  petals,  the  posterior  zone  is  longer  and 
more  curved  than  the  anterior  zone,  the  antero-lateral  petals  are  rather  narrower 
than  the  postero-laterals,  and  the  odd  anterior  petal  is  still  narrower  than  the  anterior 
pair.  The  interporiferous  areas  are  raised  and  tumid,  which  gives  a  very  marked  feature 
to  the  species.  The  continuation  of  the  poriferous  zones  beyond  the  petal  is  almost 
indiscernible,  there  being  no  channel  or  depression  to  mark  the  course  of  the  line  of 
small,  single,  and  rather  widely  spaced  pores. 

The  ornamentation  of  the  interporiferous  areas  is  similar  to  that  of  the  interradial 
portions  of  the  test.  It  consists  of  small,  closely  crowded  primary  tubercles,  sunken  in 
narrow  scrobiculcs,  the  intermediate  portions  being  prominent,  confluent,  narrow,  and 
in  all  cases  narrower  than  the  width  of  the  scrobiculcs.  The  ornamentation  of  the 
actinal  surface  is  somewhat  larger  than  that  of  the  abactinal,  and  maintains  the  same 
general  character. 

Unfortunately  all  our  specimens  are  badly  preserved  in  respect  to  their  minute 
structure,  which  has  been  more  or  less  obliterated  by  weather  action.  The  interradial 
areas  on  the  abactinal  surface  are  very  even,  and  present  no  tumidity  or  irregularities ; 
and  the  same  may  also  be  said  of  their  aspect  on  the  actinal  surface,  excepting  the  odd 
posterior  interradium  above  noticed. 

The  peristome  is  subcentral,  and  sunken  in  a  slight  depression  of  the  actinal 
surface  ;  around  this  depressed  portion  the  test  is  tumid,  and  thence  passes  in  a  con- 
tinuous and  uninterrupted  curve  round  the  tumid  margins  and  on  to  the  abactinal 
surface.  In  the  large  specimen  the  mouth-aperture  and  the  neighbouring  portions  of 
the  test  are  concealed ;  but  in  one  of  the  smaller  examples  the  peristome,  which  is 
distinctly  excentric  in  front,  is  conspicuously  pentagonal,  the  sides  very  nearly  equal, 
and  having  the  transverse  diameter  or  breadth  only  a  little  greater  than  the  longitudinal 
diameter  or  length.  The  angles  of  the  pentagon  are  rounded,  and  the  surface  of  the 
two  anterior  interradial  spaces  is  faintly  swollen,  suggestive  of  incipient  bourrelets. 
The  phyllodes  are  comparatively  well  developed,  and  four  or  five  plates  having  supple- 
mentary pores  are  present  in  a  column.  In  this  specimen  there  is  a  broad  smooth  band 
devoid  of  primary  tubercles  extending  between  the  peristome  and  the  periproct.  A 
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similar  band  appears  to  have  existed  in  the  larger  or  type  example,  but  owing  to  its  state 
of  preservation  it  is  impossible  to  say  definitely. 

The  periproct  is  transverse  and  subelliptical,  equal  in  breadth  to  the  transverse 
diameter  of  the  peristome  (5  5  millim.  in  a  specimen  39  millim.  long) :  it  is  marginal 
in  position,  and  wholly  visible  when  the  posterior  extremity  of  the  test  is  placed  in  the 
direct  line  of  view.  The  character  of  this  aspect  of  the  test  may  be  seen  in  Figs.  5  &  9. 
It  is  probable  that  the  great  height  of  the  periproct  in  the  small  specimen  is  in  a  certain 
measure  a  premature  character ;  but  we  are  unable  to  say  to  what  extent  it  was  main- 
tained in  the  larger  and  more  perfectly  developed  form. 

Youmj  Forms.  There  are  two  small  tests,  one  measuring  24  millim.  in  length 
and  the  other  slightly  larger,  which  we  regard  as  the  young  of  this  species.  The  pro- 
minent characters  which  have  led  to  this  determination  are  the  lanceolate  form  of  the 
petals,  the  tumid  and  raised  intcrporiferous  area,  the  tumid  actinal  surface,  the  distinctly 
pentagonal  peristome,  the  great  height  of  the  posterior  portion  of  the  test,  and  the 
intra-marginal  position  of  the  periproct. 

The  longitudinal  profile  of  the  dorsal  surface  of  this  small  test  corresponds  exactly 
with  that  of  the  adult  form.  The  marginal  contour  is  regularly  oval,  but  is  rather  less 
elongate  than  in  the  type.  The  actinal  surface,  though  tumid,  is  scarcely  as  much  so 
as  in  the  larger  specimen  ;  and  the  same  remark  applies  to  the  example  39  millim.  in 
length  previously  noticed.  The  ambulacral  petals  on  the  dorsal  surface  are  distinctly 
lanceolate  in  outline,  contracting  sensibly  towards  their  outer  extremity  ;  and  the  inter- 
poriferous  area  is  tumid.  The  poriferous  zones  are  very  unequal,  the  posterior  zones 
of  the  posterior  petals  being  scarcely  two  thirds  the  length  of  the  companion  zone ; 
and  the  anterior  zones  of  the  anterior  petals  are  much  shorter  than  their  companions, 
but  the  disparity  is  not  as  great  as  in  the  posterior  petals.  The  peristome  is  large  and 
distinctly  pentagonal,  the  two  anterior  bourrelets  are  faintly  developed,  and  the 
character  of  a  phyllodc  is  already  discernible  from  the  size  and  disposition  of  the 
ambulacral  plates  and  pores,  which  occupy  the  region  of  its  position,  although  the 
secondary  pores  do  not  yet  appear  to  be  present.  The  periproct  is  large,  entirely 
removed  from  the  actinal  surface,  and  is  placed  very  high  in  the  posterior  margin ; 
when  the  profile  of  the  test  is  seen  from  behind,  the  aperture  appearing  to  occupy  a 
position  nearly  midway  between  the  dorsal  and  ventral  surface-lines.  The  posterior 
odd  into  radium  is  faintly  rostrate  and  faintly  keeled  along  the  median  dorsal  line ; 
ventrally  this  area  is  more  tumid  than  the  others,  but  not  in  so  great  a  degree  as  in 
the  more  fully  developed  tests. 

In  the  ornamentation  of  the  test  a  number  of  the  primary  tubercles  on  the  actinal 
surface  occupy  an  excentric  position  within  their  scrobicule,  being  close  to  the  anterior 
margin  of  the  same. 

Remarks.  From  the  circumstance  that  this  species  has  as  yet  only  been  found  in 
association  with  Echinolampas  Sindensi.s,  and  from  our  ignorance  of  the  characters  of 
the  young  tests  of  that  species  of  corresponding  size  to  the  examples  under  notice,  we  felt 
some  hesitation  in  determining  these  small  specimens.  The  characters  above  mentioned 
appear  sufficient,  however,  to  justify  the  decision  we  have  arrived  at ;  and  that  opinion 
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it  farther  strengthened  by  the  fact  that  in  much  larger  examples  of  E.  Sindensis,  ami 
of  its  variety,  the  peristome  is  still  elliptical,  without  any  trace  of  pentangularity,  the 
ambulacra  are  straight  and  not  lanceolate,  the  interporiferous  areas  are  flush  with  the 
surface  of  the  test  and  not  tumid,  and  the  periproct  is  distinctly  infra-marginal. 
These  characters,  in  association  with  the  embryonic  form  of  the  peristome,  would  seem 
to  almost  preclude  the  possibility  of  the  small  tests  under  notice  being  placed  as  the 
young  of  E.  Sindensis. 

Dimension*. 

Breadth  Height 

Length  |  A  %  ,  -l 

in  millim.  .  Proportion  •   _•„•  Proportion 

(a)  60  47  5  0-79  30  050 

(i)  47  35  0-74  21  (crushed) 

(c)  39  305  078  19  0487 

(</)  24  20  083  13  0  54 

Greatest  width  of  the  postero-lateral  petal  in  (a)  the  type  specimen     .    .  6 

Width  of  the  interporiferous  area  at  this  place  4 

Greatest  width  of  the  poriferous  zone  1 

Localities.  In  the  Khirthar  series  :— i.  Baili,  west  of  Tong.  Survey-number  °^t- 
ii.  South-west  of  Jhirak.    Survey-number  (A  very  badly  preserved  specimen, 

almost  indeterminable.) 

Illustrations  of  the  Species  in  Plate  XXX. 

Fig.  1.  Aboctinal  view  of  the  test :  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

4.  Actinal  view  of  another  specimen :  natural  size. 

6.  Transverse  profile  of  the  same  specimen  seen  from  behind :  natural  size. 

6.  Abactinal  view  of  the  test  of  a  young  specimen  :  natural  size. 

7.  Actinal  view  of  the  same  :  natural  size. 

8.  Longitudinal  profile  of  the  same :  natural  size. 

9.  Transverse  profile  of  the  same  seen  from  behind  :  natural  size. 

10.  Peristome  of  the  same  specimen :  magnified. 

11.  Primary  tubercles  on  the  actinal  surface  of  the  same  specimen  :  magnified. 

7.  EciiixoLAiirAS  xummulitica,  Duncan  &■  Sladen.    Plate  XXX,  Figs.  12-15. 

Test  of  large  size ;  marginal  contour  suboval,  slightly  prominent  in  the  posterior 
portion  of  the  lateral  interradia  where  the  greatest  breadth  occurs,  and  with  a  well- 
developed  posterior  rostration.  The  greatest  breadth  is  proportional  to  the  length  as 
0  77  :  1.  The  dorsal  surface  is  regularly  convex,  and  the  height  is  about  two  fifths  of 
the  length,  or  as  0  4  :  1. 

The  apical  disk  corresponds  with  the  summit  of  the  test,  and  is  excentric  in  front, 
the  relative  proportions  of  the  anterior  and  posterior  portions  of  the  median  longitu- 
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dinal  lino  being  as  2  :  3  approximately.  Seen  in  longitudinal  profile,  the  anterior 
slope  of  the  dorsal  outline  is  more  rapid  than  the  posterior,  the  degree  of  curvature  is 
small,  and  the  anterior  margin  is  thick,  tumid,  and  well  rounded  ;  hence  it  follows  that, 
when  viewed  from  above,  the  anterior  part  of  the  test  has  a  comparatively  even,  rather 
than  a  tumid,  character.  The  posterior  slope  of  the  longitudinal  profile  of  the  dorsal 
surface  is  a  gentle  curve,  increasing  as  it  reaches  the  posterior  extremity,  the  character 
of  the  posterior  rostration  being  scarcely  perceptible  in  this  aspect.  The  transverse 
profile  presents  a  regular  convex  curve  on  the  dorsal  portion,  which  passes  gently  over 
the  well-rounded  margins.  The  actinal  surface  has  a  subconcave  appearance ;  the 
peristome  is  sunken  in  a  general  depression  of  the  test,  and  the  surrounding  portions 
are  slightly  tumid,  and  pass  uninterruptedly  and  without  any  rapid  change  of  curve  or 
angularity  into  the  tumid  margins  of  the  test. 

The  ambnlacral  petals  are  long,  narrow,  and  gracefully  flexuous,  expanding  slightly 
as  they  proceed  outward,  the  widest  part  of  the  interporiferous  area  being  at  the  extre- 
mity. The  posterior  petals  are  the  longest,  and  are  rather  broader  than  the  others,  the 
odd  anterior  petal  being  the  narrowest.  The  greatest  width  of  one  of  the  posterior  petals 
is  very  near  to  the  extremity,  and  is  about  equal  to  one  tenth  of  the  length  of  the  test. 
The  disparity  in  the  length  of  the  poriferous  zones  is  small.  The  posterior  petals  at  a 
short  distance  from  the  apex  bend  slightly  outward,  encroaching  on  the  lateral  inter- 
radia,  the  curvature  then  turns  slightly  inwards  on  to  the  posterior  interradium, 
and  is  again  directed  outwards  before  passing  on  to  the  rounding  of  the  margin ;  in 
this  manner  a  graceful  flexure  is  produced.  The  anterior  pair  of  petals  curve  con- 
siderably on  to  the  postero-lateral  interradia,  then  over  on  the  anterolateral  intcrradia, 
and  finally  bend  again  rather  sharply  backwards  near  the  extreme  tips  at  the  com- 
mencement of  the  rounding  of  the  margin ;  the  curvature  of  the  posterior  zone  of 
the  petal  being  greater  than  the  anterior.  The  odd  anterior  petal  is  straight.  The 
breadth  of  the  poriferous  zone  diminishes  rapidly  at  the  apical,  and  less  rapidly  at  the 
outer,  extremity  of  the  zone.  At  the  widest  portion  of  the  petal  the  breadth  of  the 
poriferous  zone  is  about  half  the  breadth  of  the  interporiferous  area,  whilst  rather 
nearer  the  apex  the  width  of  the  poriferous  zone  is  somewhat  greater  than  this.  The 
inner  pores  of  a  zone  are  round,  and  the  outer  pores  more  or  less  elongate,  the  pair 
being  united  by  a  deep  groove.  The  divisional  septa  are  narrow,  and  ornamented  by 
a  single  row  of  granules.  The  extrapetalous  portion  of  the  poriferous  zone  is  not 
sunken  in  a  groove ;  and  the  zones  of  each  ambulacrum  on  the  actinal  surface  converge 
rapidly  in  the  neighbourhood  of  the  peristome.  The  interporiferous  areas  are  flush 
with  the  surface  of  the  test,  both  within  and  without  the  petal,  and  their  ornamenta- 
tion is  similar  to  that  of  the  interradial  areas. 

The  anterior  interradial  areas  have  a  small  degree  of  convexity,  and  are  not 
disturbed  by  any  special  tumidity  whatever.  In  the  posterior  part  of  the  lateral  inter- 
radia a  slight  tumidity  is  developed,  which  culminates  towards  the  margin  and  promi- 
nently affects  the  marginal  contour.  The  odd  posterior  interradium  is  largely  tumid 
along  the  median  line,  and  especially  towards  the  posterior  extremity,  where  it  becomes 
well  rounded  and  almost  bombous,  forming  a  conspicuous  rostration.    On  the  actinal 
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surface  the  odd  posterior  interradium  shows  a  slight  tumidity  along  the  median  line, 
especially  in  the  neighbourhood  of  the  periproct ;  and  the  tumidity  extends  partly 
round  that  aperture  on  either  side  of  the  median  line,  excepting  the  outer  margin ;  in 
this  manner  the  rostrate  character  is  greatly  emphasized. 

The  ornamentation  of  the  test  is  unfortunately  more  or  less  destroyed  in  our 
specimen.  The  primary  tubercles  are  small,  numerous,  and  uniform,  entirely  sunken 
in  small  scrobiculcs;  and  the  intermediate  spaces  are  prominent,  confluent,  and, 
although  usually  narrower  than  the  width  of  a  scrobicule,  appear  to  be  comparatively 
wider  than  in  E.  Sindensis.  The  increase  in  the  size  of  the  ornamentation  on  the 
actinal  surface  is  very  slight. 

The  peristome  is  large  and  pentagonal,  with  the  transverse  diameter  greater  than 
the  longitudinal,  and  its  position  is  slightly  excentric  in  front.  The  whole  of  the 
actinal  surface  of  the  test  has  suffered  to  such  an  extent  from  weather  action  that  no 
observations  are  possible  beyond  those  of  the  most  general  character.  The  anterior 
pair  of  bourrelets  were  probably  more  developed  than  the  others,  and  the  phyllodes 
were  apparently  quite  insignificant,  the  ambulacrum  being  remarkably  contracted  in  this 
species,  and  without  presenting  the  slightest  phyllode-like  expansion  in  the  vicinity  of 
the  peristome.  Four  or  five  inner  pores  are  present  in  each  column,  sometimes  borne 
on  plates  equal  in  size  to  the  adjacent  plates,  and  sometimes  on  a  small  intercalated 
wedge-shaped  plate,  which  does  not  reach  the  outer  margin  of  the  ambulacral  zone 
(see  fig.  15).  On  all  the  ambulacral  plates  of  this  inner  portion  of  the  zone  a  small 
prominence  or  lip  occurs  over  the  pore,  which  gives  a  sort  of  imbricating  character  to 
the  plates. 

The  periproct  is  large,  transversely  oval,  and  situated  entirely  on  the  actinal 
surface  ;  a  slight  rounding  of  the  ]>ostcrior  rostration  being  visible  on  the  outer  margin 
of  the  aperture  when  the  test  is  viewed  from  below. 

Remarks.  The  nearest  ally  of  this  species  is  probably  E.  Sindmsis.  It  is,  however, 
distinguished  from  that  form  by  the  more  elongate  test  with  a  more  oval  margin — which 
is  also  more  contracted  and  more  definitely  rostrate  behind— by  its  lower  apex,  and  by 
the  more  uniform  curves  of  the  dorsal  convexity.  It  is  still  more  conspicuously 
characterized  by  the  highly  flexuous  ambulacral  petals,  by  the  general  concavity  of  the 
actinal  surface,  by  the  more  anteriorly  excentric  peristome,  and  by  the  different  pro- 
portions of  the  surrounding  parts  of  the  test.  After  careful  study  we  have  considered 
that  these  differences  warrant  the  separation  of  the  form  above  described  as  a  distinct 
species. 


JJtfHCItStOtlSm 

millim. 

Greatest  width  of  the  postcro-lateral  petal  .  . 

.    .  10 

Width  of  the  interporiferous  area  at  this  place 

.    .  5-25 

The  proportion  of  breadth  to  length,  0  77  :  1. 
„       „        height  to  length,  0-40  :  1. 
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Locality.  In  the  Khirthar  series  of  strata :  River-section,  east  of  Trak.  Survey- 

m.mlmv  0  226 

nutnoer  . 

Illustrations  of  the  Species  in  Plate  XXX. 
Fig.  12.  Abactinal  view  of  the  test :  natural  size. 

13.  Actinal  view  of  the  test:  natural  size. 

14.  Longitudinal  profile  of  the  test:  natural  size. 

15.  Peristomial  extremity  of  the  left  anterior  ambulacrum  :  magnified. 

8.  Ecn ikolampas  jcvexilik,  Duncan  &  Slaien.    Plate  XXX,  Figs.  16-18. 

Test  of  small  size.  Marginal  contour  suboviform,  well  rounded  in  front,  the 
greatest  breadth  occurring  in  the  posterior  part  of  the  lateral  intcrradia,  where  the 
test  is  slightly  tumid  ;  from  thence  the  outline  contract*  rather  rapidly  along  the 
prominent  and  well-marked  rostration.  The  greatest  breadth  is  proportional  to  the 
length  as  0  8 1  :  1.  The  dorsal  surface  is  regularly  convex,  and  the  height  is  rather 
less  than  one  half  the  length. 

The  apical  disk  corresponds  with  the  summit  of  the  test  and  is  execntric  in  front, 
the  anterior  and  the  posterior  portions  of  the  median  longitudinal  line  being  propor- 
tional as  19  :  35  or  as  1  :  2  approximately.  Seen  in  longitudinal  profile,  the  dorsal 
convexity  is  of  comparatively  low  elevation,  the  inclination  of  the  anterior  slope  is  very 
slightly  greater  than  that  of  the  posterior,  and  the  anterior  margin  is  very  thick,  tumid, 
and  well  rounded.  The  posterior  slope  passes  with  a  well-rounded  curve  over  the 
posterior  rostration.  The  transverse  profile  shows  a  faint  tendency  towards  a  subconoid 
form  in  the  outline  of  dorsal  convexity,  and  the  margins  are  thick  and  tumid.  The 
actinal  surface  is  somewhat  concave  and  most  depressed  along  a  transverse  line  passing 
through  the  peristome.  The  surrounding  actinal  portions  of  the  test  are  tumid,  their 
curvature  merging  uninterruptedly  into  that  of  the  margins. 

The  ambulacral  petals  are  long,  straight,  and  narrow,  and  present  no  expansion. 
The  posterior  petals  are  the  longest,  and  the  odd  anterior  petal  is  slightly  narrower 
than  the  others.  The  poriferous  zones  are  unequal ;  the  anterior  zone  of  the  posterior 
petals  and  the  posterior  zone  of  the  anterior  petals  being  longer  by  6-8  pairs  of  pores 
than  their  companion  zones  in  the  respective  petals.  The  pores  are  subequal ;  the 
inner  pores  round,  and  the  outer  pores  also  round  or  slightly  oval  transversely.  The 
pores  arc  united  by  a  faint  groove,  and  the  divisional  septa  develop  midway  a  slight 
granule-like  prominence.  The  extrapetalous  portion  of  the  zone  is  flush  with  the 
test,  and  its  course  is  not  marked  by  any  channel  or  depression. 

Tlie  interporiferous  areas  are  flush  with  the  level  of  the  test  in  the  petaloid  portion 
of  the  ambulacrum  ;  but  there  is  a  slightly  tumid  swelling  of  the  area,  faintly  affecting 
aUo  the  adjacent  parts  of  the  intcrradia,  discernible  in  the  marginal  contour.  In  the 
anterior  interradial  areas  a  slight  tumidity  is  developed  along  the  median  line  of  the 
actinal  portion  of  the  area.  The  lateral  interradia  are  tumid  marginally,  especially  in 
the  posterior  column  of  the  area;  and  the  odd  posterior  interradium  is  very  tumid  and 
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bombous  on  the  outer  part  of  the  median  line  over  the  posterior  rostration,  and  is  also 
tumid  to  a  considerable  degree  along  the  median  line  on  the  actinal  part  of  the  area. 

The  ornamentation  of  the  test  is  nearly  wholly  obliterated  by  weathering  ;  where 
traces  are  preserved,  the  primary  tubercles  appear  to  be  moderately  well  spaced,  with 
the  intermediate  parts  comparatively  broader,  and  the  miliary  granulation  also  com- 
paratively larger  than  usual. 

The  peristome  is  large,  transversely  oval,  and  is  slightly  excentric  in  front.  A 
faint  swelling  is  present  in  the  anterior  peristomial  plates,  but  otherwise  bourrelcts  are 
not  developed.    Incipient  phyllodes  are  distinctly  formed. 

The  periproct  is  large,  transversely  oval,  and  entirely  upon  the  actinal  surface,  the 
plane  of  the  orifice,  however,  being  at  a  small  angle  to  the  plane  of  the  actinal  area,  in 
consequence  of  the  median  tumidity  of  the  actinal  portion  of  the  odd  interradium. 

Remarks.  The  alliance  of  this  form  is  exceedingly  close  to  E.  si/ensis,  Desor,  and 
we  feel  some  hesitation  in  separating  it  specifically.  It  is  distinguished  by  the  more 
pyriform  outline,  which  is  more  contracted  posteriorly  and  with  a  more  prolonged 
rostration.  The  height  is  rather  less  and  the  dorsal  surface  more  convex,  the  posterior 
interradium  sloping  continuously  from  the  apex,  and  not  being  so  high  or  fully  rounded  as 
in  K.  silensis,  and  the  angle  inclosed  by  the  anterior  pair  of  petals  is  also  perhaps  rather 
smaller.  The  actinal  surface  appears  to  be  more  generally  concave  and  the  peristome 
slightly  more  excentric.  The  miliary  granulation  is  also  comparatively  coarse  for  the 
genus,  whilst  that  of  E.  silensis  is  described  as  very  fine.  On  the  cumulative  weight 
of  these  numerous  small  differences,  we  prefer  to  place  the  solitary  specimen  from 
Sind  provisionally  as  a  separate  species,  rather  than  draw  the  momentous  conclusion  of 
a  more  direct  faunatic  alliance  upon  Buch  scanty  material. 


Dimensions. 

length  of  the  test   27 

Hreadth  of  the  test   22 

Height  of  the  test   13 

Greatest  width  of  the  postero-lateral  petal     ....  2*5 
"Width  of  the  intcrporifcrous  area  at  this  place  .    .    .  1*35 

Transverse  diameter  of  the  peristome  5-5 

Longitudinal  diameter  of  the  peristome  3  25 

Transverse  diameter  of  the  periproct  5  75 

Longitudinal  diameter  of  the  periproct   3  25 


The  proportion  of  breadth  to  length,  0-81  :  1. 
„        „       height  to  length,  0  48  :  1. 

Locality.  In  the  Khirthar  series,    liaili,  west  of  T6ng.    Survey-number  Gj£*. 

Illustrations  of  the  Species  in  Plate  XXX. 
Fig.  16.  Abactinal  view  of  the  test :  natural  size. 

17.  Actinal  view  of  the  test :  natural  size. 

18.  Longitudinal  profile  of  the  test:  natural  size. 
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9.  Eciunolampa8  lepadiforjiis,  Duncan  &  Sladen.    Plate  XXXI,  Figs.  6-10. 

Test  of  small  size.  Marginal  contour  roundly  oral,  slightly  more  pointed  poste- 
riorly than  anteriorly.  The  greatest  breadth  is  nearly  nine  tenths  of  the  length,  or  as 
0  89  :  1.  The  dorsal  surface  is  regularly  convex,  springing  from  the  comparatively 
thin  margins.  The  greatest  height  is  one  half  the  length,  or  as  0  51  :  1,  measured  from 
the  resting-plane  of  the  test.  The  actinal  surface  is  concave,  the  rcsting-plane  of  the 
test  being  close  to  the  margin,  which  is  thin  and  overhanging,  merging  imperceptibly 
into  the  dorsal  curve.  There  is  a  faint  carination  along  the  median  line  of  the  poste- 
rior interradium.  Seen  in  longitudinal  profile,  a  slight  flattening  of  the  convexity  is 
apparent  at  the  apex,  and  the  curvature  anteriorly  is  fuller  and  more  tumid  than 
posteriorly,  the  posterior  curve  being  more  extended  and  gradual.  The  transverse 
profile  is  faintly  but  distinctly  subconoid  in  outline. 

The  apical  disk  is  execntric  in  front,  its  distance  from  the  anterior  margin  being 
about  three  tenths  of  the  length  of  the  test.  The  anterior  pair  of  generative  pores  are 
closer  together  than  the  posterior  pair  ;  and  the  ocular  pores  are  small  and  microscopic. 

The  ambulacral  petals  are  long,  narrow,  and  subellipticul  in  outline.  The  ante- 
rior pair  and  the  odd  anterior  petal  arc  subequal,  both  in  length  and  breadth.  The 
poriferous  zones  are  narrow  and  uniform  ;  the  anterior  zone  in  the  anterior  pair,  and 
the  left  zone  in  the  odd  anterior  petal  being  the  shortest  by  a  few  pairs  of  pores.  The 
posterior  petals  are  longer  and  also  slightly  narrower  than  the  anterior  petals ;  and  the 
anterior  zone  of  the  posterior  petal  is  longer  by  five  or  six  pairs  of  pores,  and  is 
distinctly  broader  than  the  companion  posterior  zone,  Both  the  inner  and  the  outer 
series  of  pores  are  round,  and  those  of  a  pair  are  united  by  a  conjugating  furrow,  the 
adjacent  furrows  being  separated  by  well-defined  costs,  bearing  a  single  line  of  miliary 
granules.  The  interporiferous  areas  are  very  faintly  tumid.  The  interradial  areas  of 
the  test  are  uniform  and  undisturbed  by  any  sudden  tumidity  on  the  abactinal  region, 
excepting  the  decided  carination  of  the  odd  posterior  interradium  previously  mentioned. 
At  the  margin  of  the  actinal  surface  there  is  a  slight  tumidity  in  the  posterior  column 
of  the  lateral  interradia,  but  of  very  small  development. 

The  peristome  is  large  and  execntric  in  front,  transversely  subpcntagonal,  with 
rounded  angles.  There  is  a  high  vertical  wall  extending  upwards,  covered  with  a 
uniform  granulation,  and  the  buccal  pores  of  the  ambulacra  open  conspicuously  below 
the  margin.  Bourrelets  are  present,  and  the  phyllodcs  arc  well  developed  for  this 
genus.    The  widely  extended  concavity  in  which  the  peristome  is  situated  is  remarkable. 

The  periproct  is  large,  transverse,  and  inframurginal,  the  plane  of  the  orifice  having 
apparently  been  at  an  angle  to  the  actinal  surface;  but  unfortunately  the  test  has 
sustained  fracture  in  this  region. 

The  ornamentation  of  the  test  is  uniform,  the  scrobicules  are  comparatively  large 
and  closely  placed,  with  the  intervening  miliary  granulation  large  and  confluent. 

Bemarks.  This  form  is  unlike  auy  of  the  other  Indian  species  of  Ecliiiiolampas, 


and  we  know  of  none  with  which  it  can  be  confounded.  In  longitudinal  profile  it 
bears  some  resemblance  toE.  globulus,  Laube  ;  but  it  differs  in  the  greater  breadth,  in 
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the  less  height,  in  the  concavity  of  the  actinal  surface,  and  iu  the  character  of  the 
ambulacra*  petals. 

Dimensions.  Length  of  the  test  19-5  millim.,  breadth  17-5  miUim.,  height  10  millim. 
Jjocality.  In  the  Khirthar  series  of  strata :— North  by  east  of  Meting.  Survey- 
number  °l'fp>. 

Illustrations  of  the  Species  in  Plate  XXXI. 

Fig.  6.  Abactinal  view  of  the  test:  natural  size. 

7.  Actinal  view  of  the  test:  natural  size. 

8.  Longitudinal  profile  of  the  test :  natural  size. 

9.  Abactinal  area,  showing  the  ambulacral  petals  and  apical  disk:  magnified. 
10.  The  peristome  and  surrounding  portions  of  the  test:  magnified. 

10.  EcniNOLAMPAS  .KQnvoCA,  Duncan  d-  Sfaden.    Plate  XXXI  I,  Figs.  1-3. 

There  is  a  specimen  of  Echiuolampas  in  the  collection,  which  is  unfortunately  so 
much  crushed  and  damaged  by  weather-action  that  a  complete  description  is  imprac- 
ticable. The  characters,  however,  are  sufficiently  remarkable  to  distinguish  the  form 
readily  from  the  other  members  of  the  genus  from  the  Khirthar  series  of  strata,  and  on 
this  account  we  have  accorded  to  it  a  specific  name.  The  following  points  may  be 
noticed : — 

The  test  is  of  moderate  size,  subdepressed  and  elongately  oval  in  marginal  con- 
tour, the  breadth  being  seven  eighths  of  the  length.  The  dorsal  surface  is  low,  but 
convex.  Seen  in  longitudinal  profile  the  anterior  slope  is  a  full  and  well-rounded  curve 
(probably  emphasized  in  our  specimen  by  crushing) ;  and  the  posterior  slope  is  gentle, 
passing  with  a  well-rounded  sweep  over  the  slight  posterior  rostration,  and  terminating 
precipitously  at  the  posterior  extremity. 

The  apical  disk  is  very  cxccntric  in  front,  and  the  ambulacral  rosette  is  compara- 
tively small,  and,  owing  to  the  shortness  of  the  posterior  petalB,  has  a  very  execntric 
appearance  generally.  The  odd  anterior  ambulacrum  is  the  shortest  and  narrowest ; 
the  anterior  pair  of  petals  are  equal  to  or  slightly  longer  than  the  posterior  pair, 
and  are  decidedly  the  broadest.  The  outline  of  the  petals  is  elliptically  lanceolate, 
expanding  rapidly  from  the  apical  extremity,  and  converging  towards  the  outer  extre- 
mity. The  poriferous  zones  are  unequal,  especially  those  of  the  anterior  pair  of  petals, 
in  which  the  anterior  zone  is  shorter  by  ten  or  eleven  pairs  of  pores  than  the  companion 
zone.  The  posterior  zone  of  the  posterior  petals  is  similarly  shorter  than  its  com- 
panion ;  but  to  what  extent  the  condition  of  the  specimen  does  not  enable  to  be  deter- 
mined accurately.  The  breadth  of  the  zone  is  very  uniform  throughout,  and  is  only 
very  slightly  broader  midway  than  at  the  outer  extremity.  The  inner  pores  are  round 
or  faintly  oval  transversely,  and  the  outer  larger  and  transversely  elongate,  becoming 
comma-shaped  on  the  outer  portion  of  the  zone,  The  pores  of  a  pair  are  united  by  a 
well-defined  conjugating  furrow  ;  and  the  position  of  the  pairs  is  oblique  in  relation  to 
the  median  line  of  the  petal,  the  obliquity  increasing  towards  the  outor  extremity  of 
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the  zone,  where  also  the  pores  of  a  pair  exhibit  a  faint  tendency  to  stand  at  an  angle  in 
relation  to  one  another.  The  petals  are  flush  with  the  surface  of  the  test ;  and  the  inter- 
poriferous  area  is  about  two  and  a  half  times  the  width  of  the  poriferous  zone  at  its 
widest  part,  but  very  little  more  than  one  and  a  half  at  the  extremity  of  the  petal, 
measured  at  the  termination  of  the  short  anterior  zone.  The  ornamentation  of  the 
interporiferous  area  is  similar  to  that  of  the  rest  of  the  abactinal  surface  of  the  test, 
and  consists  of  small  primary  tubercles  sunken  in  small,  equidistantly-spacod  scrobi- 
cules, with  the  intervening  spaces  rather  broad,  but  less  than  the  diameter  of  the 
scrobicules,  the  structure  being  remarkably  confluent,  almost  to  the  complete  obli- 
teration of  the  component  granules;  and  the  margins  of  the  scrobicules  have  a 
slightly  bevelled  appearance.  In  the  region  of  the  ambitus  the  scrobicules  are  more 
closely  placed. 

Nearly  the  whole  of  the  actinal  surface  is  cither  obscured  or  destroyed.  There  is 
a  considerable  and  widely  extended  depression  towards  the  peristome,  the  position  of 
which  is  more  or  less  execntric  in  front.  The  periproct  is  small,  transversely  oval,  and 
encroaching  on  the  margin. 

Remarks.  This  species  is  closely  allied  to  E.  Jacqiutmonti,  d'Archiac  and  Haime ; 
but  differs  in  the  form  of  the  test,  and  in  the  smaller  and  comparatively  more  excen- 
trically-placed  ambulacral  rosette ;  whilst  the  general  height  and  tumidity  of  the  sides 
also  appear  wanting  in  our  form,  and  the  concavity  of  its  actinal  surface  is  very  much 
greater  than  in  E.  Jacquemonti. 

Dimensions.  Length  of  the  test  40millim.,  breadth  35  millim.,  height  17-5millim. 
(somewhat  crushed). 

Locality.  Khirthar  series  of  strata: — Trak  Hill,  seventeen  miles  south  of  Bula 


Fig.  1 .  Abactinal  view  of  the  test :  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

11.  Echinolampas,  sp.  (Junior).    Plate  XXXI,  Figs.  1-5. 

Amongst  the  rich  collection  of  Echinolampads  from  the  Khirthar  series,  there  are 
two  unquestionably  in  a  premature  stage  of  development,  but  which,  from  their  striking 
character,  we  are  unable  to  refer  to  any  of  the  species  previously  described.  The  test 
is  of  small  size,  elongate,  and  subcylindrical,  with  an  elongatcly  oval  marginal  contour, 
full  and  well-rounded  in  front,  slightly  widest  across  the  posterior  third,  thence  rather 
rapidly  contracted  and  pointed  posteriorly.  The  breadth  is  proportional  to  the  length 
as  0-75  :  1.  The  dorsal  surface  is  convex  along  the  longitudinal  axis  of  the  test,  and 
the  margins  are  full  and  tumid.  The  height  is  rather  more  than  half  the  length,  being 
in  the  proportion  of  0-o9  :  1.    Seen  in  longitudinal  profile  the  flatness  of  the  dorsal 
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surface  is  very  striking,  passing  with  a  well-rounded  curve  over  the  anterior  extremity, 
which  is  continued  on  to  the  actinal  surface ;  the  posterior  curve  is  more  rapid,  and 
terminates  above  the  periproct,  forming  a  rather  prominent  roof  over  that  aperture. 
Seen  in  transverse  profile  the  subcylindrical  form  is  evident,  the  convexity  of  all  regions 
being  remarkable.  The  actinal  surface  is  almost  as  convex  as  the  abactinaL  The 
apical  disk  is  very  excentric  in  front,  its  distance  from  the  anterior  extremity  being 
five  sixteenths  of  the  length  of  the  test.  There  are  four  well-developed  generative 
pores,  and  the  anterior  are  much  closer  together  than  the  posterior  pair.  The  ocular 
foramina  are  comparatively  large  and  distant  from  the  disk,  as  defined  by  the  gene- 
rative pores. 

The  ambulacra  are  petaloid  and  unequal.  The  odd  anterior  is  the  shortest,  and 
the  posterior  pair  are  the  longest.  All  are  lanceolate  and  tapering  towards  the  apex, 
and  more  or  less  convergent  at  the  outer  extremity,  the  odd  anterior  petal  being  the 
least  so.  In  the  odd  anterior  ambulacrum  the  poriferous  zones  are  equal,  each  having 
eleven  pairs  of  pores.  The  distance  of  the  pores  apart  in  each  pair  increases  from  the 
apex  up  to  the  ninth  pair  and  then  begins  to  diminish,  this  giving  the  tendency  to 
closure  in  the  petal's  outline.  All  the  pores  are  round,  and  those  of  a  pair  are  united 
by  a  well-defined  conjugating  furrow.  The  antcro-lateral  petals  are  equal  in  breadth 
to  the  odd  anterior  petal  or  perhaps  the  slightest  shade  wider.  The  poriferous  zones 
are  unequal,  the  anterior  zone  being  shorter  than  the  posterior ;  the  number  of  pairs  of 
pores  in  each  is  nine  and  thirteen  respectively  ;  and  tho  posterior  zone  forms  a  sweeping 
well-rounded  curve,  convexity  backwards.  The  posterior  petals  are  a  shade  wider  than 
the  anterior  pair,  and  are  considerably  longer.  The  poriferous  zones  are  unequal,  the 
anterior  being  the  longest.  The  number  of  pairs  in  each  zone  is  seventeen  in  the 
anterior  and  fourteen  or  fifteen  in  tho  posterior.  All  the  petals  terminate  at  the 
commencement  of  the  rounding  of  the  margin,  and  are  consequently  entirely  confined 
to  the  dorsal  area. 

The  peristome  is  very  large  and  subelliptical  in  shape,  placed  transversely,  the 
lateral  extremities  being  acutely  angular.  The  breadth  is  4  millim.,  and  the  length 
2  millim.  It  is  excentric  in  front,  but  much  less  so  than  the  apical  disk.  There  is 
no  peristomial  wall  or  lip,  and  no  traces  of  phyllodes  or  bourrelets  have  yet  been 
developed. 

The  periproct  is  large  and  transversely  oval ;  it  is  inframarginal,  with  the  plane  of 
the  orifice  nearly  at  an  angle  of  4  5°  to  the  plane  of  the  actinal  surface,  its  position 
being  in  the  rounding  between  the  ambitus  and  true  actinal  area.  The  posterior 
interradium  forms  a  prominent  roof  over  the  upper  margin  of  the  opening. 

Remarks.  Owing  to  the  juvenile  character  of  the  tests  under  notice,  we  have 
abstained  from  assigning  any  name  to  them  until  a  further  supply  of  material  can  be 
studied.  From  the  fact  that  we  are  unable  to  associate  them  with  the  young  of  any 
of  the  forms  described  in  the  preceding  pages,  it  would  seem  to  be  probable  that  they 
may  belong  to  a  distinct  species. 

Dimension*.  Length  of  the  test  10  millim.,  breadth  12  millim.,  height  9*5  millim. 
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A  second  test  from  the  same  locality  is  somewhat  larger ;  but  has  been  too  much 
Crushed  for  measurement. 

Locality.  In  the  Khirthar  series  of  strata :— Baili,  west  of  Tong.  Survey-number 

am 

Ultistrations  of  the  Species  in  Plate  XXXI. 

Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  Longitudinal  profile  of  the  test :  natural  size. 

4.  Abactinal  area,  showing  the  ambulacral  petals  and  apical  disk  ;  magnified. 

5.  The  peristome  and  surrounding  portions  of  the  test :  magnified. 

There  is  a  very  small  specimen,  measuring  10  millim.  in  length,  from  a  locality 

five  miles  east-fifteen-north  of  Ghatnna  Trig  station  near  Jhimpir  (Survey-number 

which  we  refer  with  some  hesitation  to  the  same  form  as  the  above.  This  form  accords 
in  shape,  proportions,  and  general  characters  with  that  above  described  ;  but  is  remark- 
able for  the  immature  state  of  the  odd  anterior  ambulacrum.  The  example  is  obviously 
too  immature  for  accurate  determination. 

12.  Echixolampas,  sp.    Plate  XXXVI,  Figs.  22  &  23. 

There  is  a  single  specimen  of  a  small  Ecltinolampas  in  the  collection,  which  is 
certainly  distinct  from  the  other  forms  we  have  described  ;  but  which  is  unfortunately  so 
much  obscured  by  matrix  that  a  complete  description  is  impossible. 

The  test  is  subdeprcssed,  with  a  rotund  marginal  contour,  the  greatest  breadth 
being  between  the  posterior  part  of  the  lateral  intcrradia.  The  length  is  about 
29  millim.,  and  the  estimated  breadth  27  millim.  The  height  is  about  14  millim. ;  and 
the  dorsal  surface  seen  in  longitudinal  profile  presents  a  remarkably  regular  convexity, 
sloping  uniformly  anteriorly  and  posteriorly,  and  springing  direct  from  the  ambitus, 
which  is  well,  but  rather  abruptly,  rounded  on  to  the  actinal  surface. 

The  apical  disk  is  excentric  in  front ;  it  is  comparatively  large,  and  the  central 
portion,  which  is  occupied  by  the  madreporiform  body,  is  slightly  elevated.  The 
ambulacra  are  comparatively  narrow,  but  conspicuously  petaloid,  the  zones  of  a 
petal  converging  considerably  towards  the  outer  extremity.  The  posterior  petals  are 
rather  longer  than  the  anterior  pair.  The  poriferous  zones  are  unequal,  the  left 
zone  of  the  odd  anterior  ambulacrum  and  the  anterior  zone  of  the  anterc-lateral 
petals,  and  the  posterior  zone  of  the  postero-lateral  petals  being  shorter  than  their 
respective  companions ;  the  inner  series  of  pores  are  round  and  the  outer  pyriform, 
with  the  pores  of  a  pair  rather  wide  apart,  and  united  with  a  well-defined  conju- 
gating furrow.  The  divisional  costse  appear  to  be  smooth  and  devoid  of  tubercles  or 
granules.  The  width  of  the  poriferous  zoue  is  rather  less  than  half  the  width  of  the 
interporiferous  area  at  its  widest  part.    The  other  structures  of  the  test  are  obscured. 

Remarks.  This  species  is  interesting  from  its  occurrence  in  the  white  limestone  in 
company  with  great  numbers  of  Uemiastcr  liiyonus ;  and  no  other  species  of  Echino- 
lampas  are  associated  with  it.    On  these  accounts  we  consider  it  desirable  to  record 


Digitized  by  Google 


OF  WESTERN  BIND. 


177 


the  presence  of  this  form  ;  and  a  drawing  of  the  solitary  example  has  been  given  in 
Plate  XXXVI.  for  future  reference,  and  to  facilitate  identification  when  a  further  supply 
of  material  may  enable  a  complete  diagnosis  to  be  furnished. 

Locality.  In  the  Khirthar  series  of  strata: — Bolari  bridge  on  the  Baran  rivers, 
south-west  of  Kotri.  Survey-number 

Illustrations  of  the  Species  in  Plate  XXXVI. 
Fig.  22.  Abactinal  view  of  the  test :  natural  ate. 

23.  Longitudinal  profile  of  the  test :  natural  size. 

Subfamily  HOEIVABTBHSJB. 
Genus  ECHLNANTIIUS,  lireynius,  1732. 

(Sw  anltti,  p.  18,  Tart  i.) 

1.  Ecuinaxtiius  lntebmei)IU8,  Duncan  &  Maden.    Plate  XXXII,  Figs.  4-8. 

Test  of  medium  size.  Marginal  contour  tlongately  oval,  well-rounded  in  front, 
more  contracted  and  produced  behind,  where  the  test  is  subrostrate  and  truncate.  The 
greatest  breadth  is  behind  the  centre  of  the  test,  and  equals  about  four  fifths  of  the 
length.  The  dorsal  surface  is  depressed  and  slightly  convex ;  the  greatest  height,  which 
lies  between  the  extremities  of  the  posterior  petals,  is  but  very  little  more  than  two 
fifths  of  the  length.  Seen  in  longitudinal  profile,  the  anterior  slope  is  a  low  gradual 
declivity  passing  abruptly  with  a  well-rounded  curve  over  the  tumid  anterior  margin ; 
and  the  posterior  slope  is  much  shorter  and  more  rapid,  terminating  abruptly  at  the 
posterior  truncation.  The  transverse  profile  shows  the  dorsal  area  slightly  subconoid, 
with  the  margins  thick,  tumid,  and  well-rounded.  The  actinal  surface  is  tumid 
laterally,  with  a  well-defined  depression  corresponding  with  the  longitudinal  axis  of  the 
test  in  front  of  the  peristome,  and  behind  dividing  into  two  diverging  depressions  which 
bound  the  more  or  less  tumid  median  region  of  the  odd  posterior  interradium,  and 
correspond  with  the  course  of  the  posterior  ambulacra. 

The  apical  disk  is  excentric  in  front,  its  distance  from  the  anterior  margin  being 
rather  more  than  one  third  of  the  length  of  the  test,  or  measuring  11  millim.  in  an 
example  30  millim.  long. 

The  ambulacra  are  conspicuously  petaloid  in  outline,  lancet-shaped  and  almost 
closed  at  the  outer  extremity,  simulating  in  a  remarkable  manner  the  ambulacral 
rosette  of  Ilarionia  Sindensis.  The  posterior  petals  are  longer  than  the  three  anterior 
petals,  which  are  equal  in  length,  but  the  odd  anterior  ambulacrum  is  the  narrowest, 
and  is  more  widely  open  at  the  extremity  and  much  less  petaloid  than  the  others. 
The  poriferous  zones  are  equal  and  narrow,  and  the  pores  are  subequal,  the  inner  series 
round,  and  the  outer  scries  with  a  tendency  to  become  oval ;  the  pores  of  a  pair  are 
united  by  a  faint  conjugating  furrow,  and  adjacent  pairs  separated  by  low  ill-defined 
costsc,  which  probably  bore  three  or  four  rather  large  isolated  granules.    The  intcr- 
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poriferous  areas  are  rather  less  than  twice  the  width  of  the  poriferous  zone  in  the 
posterior  pair  of  petals,  but  are  rather  more  than  twice  the  width  of  the  poriferou* 
zone  in  the  anterior  pair  of  petals. 

The  peristome,  though  excentric  in  front,  is  nearer  to  the  centre  than  the  apical 
disk ;  it  is  large,  transverse,  and  pentagonal,  the  transverse  diameter  being  twice  that  of 
the  longitudinal  diameter.  There  is  a  faint  tendency  towards  thickening  at  the 
margin,  but  bourrelets  are  not  developed.  In  the  ambulacral  areas  the  peristomial 
plates  exhibit  conspicuously  the  companion  pair  of  buccal  pores ;  and  the  poriferous 
zones  in  the  vicinity  of  the  peristome  present  a  few  well-defined  pores,  some  of  which 
are  internal  to,  and  alternating  with,  the  main  series,  and  suggest  the  rudiments  of  an 
incipient  phyllodc. 

The  periproct  is  large  and  elliptical,  placed  longitudinally  at  the  summit  of  the 
posterior  rostration,  of  which  it  occupies  a  large  portion  of  the  surface.  The  length 
of  the  aperture  is  nearly  twice  the  measure  of  its  transverse  diameter.  The  inferior 
margin  of  the  posterior  rostration  is  full  and  well-rounded ;  and  a  more  or  less  tumid 
development  at  the  margin  on  cither  side  the  median  line  gives  emphasis  to  a  slight 
depression  beneath  the  periproct.  Actinally  the  odd  posterior  interambulacrum  is  tumid 
near  the  margin,  a  character  which  gradually  diminishes  towards  the  peristome. 

The  ornamentation  of  the  test  is  almost  entirely  destroyed  ;  from  what  remains  it 
appears  to  have  been  small,  crowded,  and  very  uniform  throughout. 

Remarks.  It  is  not  without  much  hesitation  that  we  have  given  a  name  to  this 
solitary  and  badly  preserved  specimen.  In  many  respects  it  resembles  in  a  remarkable 
manner  Ilarionia  Sindensis,  whicli  in  the  characters  of  the  ambulacral  rosette  it  may 
almost  be  said  to  mimic.  The  depressed  and  differently  shaped  test,  the  characters  of 
the  peristome,  of  the  incipient  phyllodes,  and  of  the  actinal  surface  generally  are 
quite  distinct  and  unconformable  with  Ilarionia.  The  species  under  notice  constitutes, 
however,  a  striking  link  between  that  genus  and  Echinantlius. 

Dimension*. 

Length  of  the  test  

Breadth  of  the  test  

Height  of  the  test  

Locality.  In  the  Khirthar  series  of  strata :— Baili,  west  of  Trtng.  Survey-number 

am 

Illustrations  of  the  Species  in  Plate  XXXII. 
Fig.  4.  Abactinal  view  of  the  test :  natural  size. 

5.  Actinal  view  of  the  test :  natural  size. 

6.  Longitudinal  profile  of  the  test :  natural  size. 

7.  Transverse  profile,  seen  from  behind  :  natural  size. 

8.  The  peristome  and  surrounding  portions  of  the  test :  magnified. 
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Genu*  ILAKIONIA,  Dames,  1877. 

Test  elongately  oval  or  oviform,  subdepressed,  more  or  less  convex  above,  flat  or 
slightly  convex  below ;  margins  very  thick  and  tumid. 
Apical  disk  compact,  excentric  in  front. 

Ambulacra  petaloid ;  petals  short,  unequal,  lancet-shaped,  contracting  towards  the 
outer  extremity,  which  is  nearly  closed.  Poriferous  zones  equal,  pores  round  or  slightly 
oval ;  pores  of  a  pair  united  by  a  conjugating  groove. 

Peristome  decagonal,  or  suhpentagonal,  with  raised  rim  and  special  tubercles 
more  or  less  developed.    No  floscelle. 

Periproct  elongately  oval,  situated  on  the  upper  part  of  the  vertically  truncate 
posterior  extremity. 

Ornamentation  very  uniform ;  tubercles  small,  sunken  in  deep  scrobicules,  closely 
placed,  miliary  granulation  confluent  and  com|>act.  A  more  or  less  well-defined  band, 
devoid  of  scrobicules,  present  between  the  peristome  and  periproct. 

The  distinctive  character  of  Jlnrionia,  as  pointed  out  by  Dr.  \V.  D  a  m  e  s,  consists  in 
the  peculiar  structure  of  the  peristome.  This  was  described  by  him  *  as  having  a  dec- 
agonal outline  which  might  be  represented  by  an  equilateral  pentagon  from  which  the 
angles  had  been  abruptly  truncated  by  short  lines ;  the  long  lines,  corresponding  with 
the  interambulacral  areas,  being  granular,  whilst  the  short  lines,  which  would  corre- 
spond with  the  ambulacra,  are  smooth.  Furthermore,  at  the  junction  of  the  long  and 
short  lines  a  small  smooth  tubercle  is  present,  the  peristome  being  consequently  sur- 
rounded by  ten  of  these  protuberances.  The  margin  of  the  aperture  is  raised  and 
extends  far  upwards  into  the  body-cavity  of  the  test,  the  walls  corresponding  with  the 
interambulacral  areas  being  finely  granulated.  In  other  respects  the  genus  unites  in  a 
remarkable  manner  the  characters  of  Echinanthua  and  Pygorhynchws. 

1.  Ilarionia  Si.vdensis,  Duncan  &  Sladen.    Plate  XXXII,  Figs.  9-18. 

Test  of  small  or  medium  size.  Marginal  contour  elongately  oval,  well-rounded  in 
front,  more  contracted  behind,  and  vertically  truncate  at  the  posterior  extremity.  The 
greatest  breadth  lies  usually  midway  between  the  extremities,  and  is  about  seventeen 
twentieths  of  the  length,  or  in  the  proportion  of  0  85  : 1.  The  dorsal  surface  is  mode- 
rately high  and  flatly  convex ;  the  height  being  rather  more  than  throe  fifths  of  the 
length,  or  (in  the  type  specimen)  as  0*69  :  1.  The  position  of  the  apical  summit  or 
greatest  height  of  the  test  is  subject  to  variation,  and  may  either  correspond  with  tho 
apical  disk,  which  is  excentric  in  front,  or  may  be  situated  between  the  extremities  of 
the  posterior  petals,  and  consequently  excentric  behind.  There  is  likewise  a  conform- 
able variation  in  the  longitudinal  profile  of  the  test.  In  the  type  the  outline  is  very 
cylindrical,  the  median  portion  of  the  abactinal  surface  being  almost  flat,  passing  with 
a  well-rounded  curve  over  the  anterior  extremity,  and  sloping  down  posteriorly  with  a 
gentle  curve  till  it  meets  the  abrupt  posterior  truncation,  which  is  vertical.    In  tests 

■  Die  Echiniden  der  vicentinuchon  uud  veronesucben  Terbarablagerungvu,  p.  34.  1'sLeontograpbica, 
N.  P.  v.  1  (xxv.). 
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having  the  apical  summit  more  pronounced,  the  flatness  of  the  abactinal  surface  gives 
place  to  a  gentle  declivity  on  either  side  of  the  apical  prominence.  Seen  in  transverse 
profile  the  outline  is  a  depressed  oval,  more  or  less  uniformly  tumid.  The  actinal 
surface  is  more  or  less  convex,  with  a  low  ridge  of  greatest  convexity  corresponding 
with  the  longitudinal  axis  of  the  test,  which  is,  however,  scarcely  apparent  in  front  of 
the  peristome.  The  margins  are  thick,  giving  the  idea  of  deep  sides,  and  are  mode- 
rately tumid.  The  passage  from  the  lateral  on  to  the  actinal  surface  is  well-rounded 
and  uninterrupted,  excepting  beneath  the  posterior  truncation,  where  the  rounding  is 
much  sharper  and  subangular. 

The  apical  disk  is  excentric  in  front,  its  distance  from  the  anterior  extremity  of 
the  test  being  proportional  to  the  longitudinal  axis  as  0*37:1.  The  structure  of  the 
disk  is  compact,  with  four  generative  pores,  the  anterior  pair  more  closely  placed  than 
the  posterior  pair,  and  the  central  portion  slightly  elevated  and  covered  with  the 
punctures  of  the  madreporiform  body. 

The  ambulacral  petals  are  short  and  unequal,  the  odd  anterior  ambulacrum  being 
slightly  the  shortest  and  narrowest,  and  the  posterior  pair  the  longest.  The  outline 
of  the  petals  is  lancet-shaped,  the  poriferous  zones  diverging  rather  rapidly  from  the 
apex,  and  attain  the  greatest  width  at  a  point  nearer  the  apex  than  midway  between 
the  extremities  of  the  petals  ;  from  theuce  the  zones  converge  towards  the  extremity  of 
the  petal,  which  is  nearly  closed.  The  poriferous  zones  are  equal  and  narrow,  increasing 
very  slightly  in  breadth  as  they  proceed  outward,  but  again  contracting  slightly  for  a 
short  distance  at  the  outer  extremity.  The  inner  scries  of  pores  are  round,  and  the 
outer  series  are  subequal  or  slightly  larger  and  show  the  faintest  tendency  towards 
becoming  comma-shaped  ;  the  pores  of  a  pair  are  united  by  a  well-defined  conjugating 
furrow,  and  the  divisional  costa-  form  narrow  ridges,  indefinitely  granulated.  The 
interporiferous  areas  have  a  faintly  tumid  appearance  in  consequence  of  the  poriferous 
zones  being  slightly  sunken  in  a  shallow  groove ;  the  width  of  the  area  at  its  greatest 
breadth  is  about  three  times  the  width  of  a  poriferous  zone  or  even  rather  more,  whilst 
at  the  outer  extremity  of  the  petal  it  is  scarcely  more  than  the  width  of  the  poriferous 
zone.  The  extrapetalous  continuations  of  the  ambulacra  are  invisible  in  the  orna- 
mentation of  the  test  until  close  to  the  peristome,  where  a  few  single  pores  are  discernible. 
The  ornamentation  of  the  interporiferous  area  is  similar  to  that  of  the  interradial  por- 
tions of  the  test,  and  consists  of  small  primary  tubercles  in  sunken  scrobicules,  closely 
and  equidistantly  placed,  the  intermediate  space  being  less  than  the  diameter  of  the 
scrobicules  and  having  its  miliary  granulation  entirely  confluent.  The  character 
of  the  ornamentation  is  very  homogeneous  throughout  the  test.  On  the  actinal  surface 
a  rather  narrow,  but  usually  well-defined,  band  of  pitted  structure  extends  from  the 
peristome  up  to  the  posterior  extremity  of  the  test,  on  which  no  scrobicules  and  primary 
tubercles  occur. 

The  peristome  is  large  and  excentric  in  front,  lying  beneath  the  apical  disk.  It 
is  transversely  oval  or  subdecagonal  in  outline,  having  a  raised  rim  around  its  margin, 
and  the  peristomial  wall  extending  vertically  upward  into  the  body-cavity.  The  por- 
tions of  this  wall  which  correspond  to  the  interambulacral  areas  are  uniformly  granu- 
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lated,  and  the  portions  corresponding  to  the  ambulacra  arc  comparatively  narrow  strips. 
On  the  raised  peristomial  rim  there  is  a  small,  feebly  developed  granule  on  the  ambu- 
lacra! portion  of  the  rim  at  its  junction  with  the  apparently  continuous  interambulacral 
portion ;  there  are  thus  two  granules  near  together  opposite  each  ambulacra!  area. 
These  granules,  however,  are  not  always  clearly  discernible  in  every  specimen  and  are 
not  always  equally  developed  in  each  individual.  Outside  the  peristomial  ring  the 
poriferous  zones  of  the  ambulacra  aro  represented  by  three  or  four  pores  closely  placed 
in  uniserial  line,  and  there  is  no  tendency  to  form  a  phyllode. 

The  periproct  is  elongately  oval  or  elliptical,  placed  longitudinally  at  the  upper 
part  of  the  vertical  posterior  truncation  of  the  test ;  its  length  is  twice  its  breadth,  and 
is  about  equal  to  the  transverse  diameter  of  the  peristome.  Above  the  periproct  the 
odd  posterior  interradium  forms  a  slightly  tumid  keel  along  the  outer  portion  of  the 
median  dorsal  line,  but  no  roof  whatever  is  formed  over  the  aperture  ;  and  when  viewed 
abactinally  from  behind,  the  sides  of  the  test  seem  to  be  nipped-in  at  the  sides  of  the  peri- 
proct, which  causes  this  aperture  to  appear  to  be  placed  at  the  extremity  of  a  somewhat 
pointed  prolongation  of  the  test,  Beneath  the  periproct  there  is  no  channel,  although 
a  very  faint  median  depression  may  sometimes  be  noticed  ;  and  the  inferior  margin  of 
the  posterior  truncation  is  full,  tumid  and  abruptly  rounded,  joining  the  prominent 
median  tumidity  of  the  actinal  portion  of  the  odd  posterior  interradium. 

Variations.  The  chief  variations  noticed  in  this  species  are  those  which  affect  the 
marginal  contour,  the  relations  of  length  to  breadth,  the  position  of  the  apical  summit 
of  the  test,  and  the  consequent  modification  in  the  longitudinal  profile.  These  points 
have  been  referred  to  above,  and  the  other  details  of  structure  appear  to  be  very  con- 
stant. An  elongate  variety,  produced  and  contracted  posteriorly,  and  with  the  apical 
summit  excentric  behind,  is  shown  in  Figs,  lo  and  1G  ;  and  a  small  subrotund  variety, 
which  appears  to  be  uncommon,  with  the  apical  summit  corresponding  with  the  apical 
disk,  is  given  in  Figs.  17  and  18. 

Remarks.  Although  the  Indian  species  docs  not  show  the  peculiar  characters  of 
the  peristome  in  such  a  marked  manner  as  the  type  form  of  the  genus,  /.  Ueggiatoi, 
Laube,  sp.,  we  do  not  hesitate  to  include  the  present  Echinoids  in  the  same  category. 
The  two  species  are  well  distinguished  from  other  Echinanthince  and  cannot  be 
mistaken. 


Dimensions. 

a. 

4. 

t. 

millim. 

millim. 

millim. 

millim. 

29 

22 

18-5 

Breadth  of  the  test 

 23 

23-5 

20 

1« 

Height  of  the  test 

 17 

17-:» 

13 

13 

Localities.  In  the  Khirthar  series  of  strata :— i.  Baili,  west  of  T6ng.  Survey- 
number 

ii.  Trak  hill,  seventeen  miles  south  of  Biila  Khan's  Thana.  Survey-number 
(A  small  example.) 

2b 
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10.  Actinal  view  of  the  test :  natural  size. 

11.  Longitudinal  profile  of  the  test:  natural  size. 

12.  Transverse  profile,  seen  from  behind :  natural  size. 

13.  Abactinal  area,  showing  the  petals  and  apical  disk :  magnified. 

14.  Tho  peristome  and  surrounding  portions  of  the  test :  magnified. 

15.  Abactinal  view  of  the  test  of  another  s{>ecimcn,  an  elongate  variety 

natural  size. 

16.  Longitudinal  profile  of  the  same  test:  natural  size. 

17.  Abactinal  view  of  the  test  of  a  small  round  example:  natural  size. 

18.  Longitudinal  profile  of  the  same  test:  natural  size. 


1.  Cassidulub  scbixvaginatts,  iHtncan  <£■  Sladen.    Plate  X.XX1II,  Figs.  17-20. 

Test  rather  small,  elongate,  and  subdepressed.  Marginal  contour  clliptically  oval, 
more  contracted  in  front  than  behind,  where  the  extreme  posterior  margin  is  slightly 
truncated.  The  greatest  width  of  the  test  is  nearly  three  fourths  of  the  length,  and  is 
situated  midway  across  the  test,  or  perhaps  occasionally  somewhat  behind  this  line.  The 
greatest  height  is  nearly  one  half  the  length.  The  dorsal  surface  is  convex,  and  higher 
in  the  two  posterior  thirds  of  the  test  than  in  the  anterior  third,  the  latter  portion  of 
the  test  sloping  gently  from  the  apical  disk  to  the  margin,  and  the  posterior  extremity 
sloping  abruptly  at  a  high  and  almost  precipitous  angle  down  to  the  margin.  The  lon- 
gitudinal profile  shows  an  abactinal  curvature  of  low  convexity,  rising  gradually  and 
slowly  from  the  anterior  margin,  rather  flattened  at  the  apex,  and  then  descending 
sharply  and  precipitously  at  a  high  angle  at  the  posterior  extremity.  The  transverse 
profile  shows  a  regular  convex  curve,  and  the  margins  are  comparatively  thick,  tumid, 
and  well  rounded.  When  viewed  from  the  side,  the  ambitus  is  seen  to  be  somewhat 
fuller  or  more  tumid  actinally  in  the  region  midway  between  the  extremities.  The 
actinal  surface  is  concave,  with  a  tendency  to  form  a  longitudinal  trough,  the  lateral 
portions  of  the  test  being  specially  tumid. 

The  apical  disk  is  small  and  slightly  excentric  in  front.  There  are  four  small 
genital  pores,  the  anterior  pair  being  nearer  together  than  the  posterior  pair.  The 
ocular  plates  are  small,  and  indistinguishable  in  the  state  of  the  preservation  of  our 
material.  The  ambulacral  petals  are  unequal,  the  anterior  pair  being  rather  shorter 
than  the  others.  Their  external  outline  is  gracefully  lanceolate,  contracting  slightly 
towards  the  outer  extremity,  where,  however,  they  arc  widely  open,  and  terminate  at 
some  distance  from  the  margin.    The  poriferous  zones  are  equal  and  broad,  being  only 


a  little  narrower  at  the  widest  part  than  the  breadth  of  the  interporiferous  area.  The 


f,>«i«  CASS1DULUS,  Lamarck.  1801. 
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inner  pores  are  round,  and  the  outer  pores  pyriform,  the  pair  being  united  by  a  well- 
defined  furrow ;  and  each  pair  separated  from  the  neighbouring  pair  by  a  broad  costal 
ridgo.  The  poriferous  zones  diminish  only  slightly  in  breadth  towards  the  outer  extre- 
mity. The  interporiferous  area  is  lanceolate  in  outline,  slightly  narrower  at  the  outer 
extremity  than  across  the  middle  of  the  petal,  and  converging  rapidly  towards  the  apical 
disk.  We  are  unfortunately  unable  to  describe  in  detail  the  character  of  the  floscelle, 
as  in  one  of  our  specimens  that  portion  of  the  test  is  obscured  by  matrix,  and  in  the 
other  is  so  greatly  weather-worn  that  nothing  but  the  general  Cassidulid  character 
is  discernible.    The  bourrelets  do  not  appear  to  have  been  very  prominent. 

The  ornamentation  of  the  abactinal  area  of  the  test  consists  of  small  primary 
tubercles,  sunken  in  small,  uniform,  rather  widely  spaced  scrobicules,  the  intermediate 
portion  of  the  test  being  coalescent  and  comparatively  broad,  which  gives  a  somewhat 
coarse  appearanc  e  to  the  ornamentation.  On  theactiuul  surface  the  scrobicules  are  very 
large,  and  the  tubercles  arc  placed  near  the  side  of  the  cavity.  In  the  neighbourhood 
of  the  median  longitudinal  line  there  is  much  pitted  structure  and  coalescence  in  place 
of  scrobicules. 

The  peristome  is  slightly  excentric  in  front :  unfortunately  its  form  is  indistin- 
guishable in  our  specimens. 

The  periproct  is  situated  in  a  long,  narrow,  elliptical  depression  or  slit,  extending 
from  the  upper  extremity  of  the  posterior  declivity  nearly  down  to  the  margin.  In  tin- 
test  below  the  periproct  there  is  a  slight  trough  or  channel,  which  disappears  on  the 
rounding  of  the  margin.  There  is  no  hood  or  overhanging  prominence  above  the  peri- 
proct, the  test  appearing  as  if  slightly  pinched  together  and  angular  there,  and  the 
lateral  margins  of  the  periproct-slit  are  slightly  impressed  or  bent  inwards. 

Remarks.  This  species  is  much  more  elliptical  than  the  allied  form,  C.  ellipticus, 
from  the  Ranikot  series,  the  test  being  more  abnond-shaped,  more  contracted  anteriorly, 
with  the  apical  disk  more  excentric,  and  the  character  of  the  posterior  rostration  and  of 
the  periproct  also  different.    The  forms  are  distinctly  separate. 

Dimensions. 

millim. 

Iiength  of  the  test  "22 

Breadth  of  the  test  17 

Height  of  the  test  11 

A  second  specimen  is  of  the  same  size,  but  somewhat  crushed. 
Locality.  In  the  Khirthar  series :— Haili.  west  of  long.  Survey-number 

Illustrations  of  the  Species  in  Plate  XX.XII1. 

Fig.  17.  Abactinal  view  of  the  test:  natural  size. 

18.  Actinal  view  of  the  test :  natural  size. 

19.  Longitudinal  profile  of  the  test:  natural  size. 

20.  The  test,  seen  from  behind  :  natural  size. 

2n2 
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Genus  RHYNCHOPYGU8,  (TOrbiyny,  1801. 

(S«  antra,  p.  ti7,  I'lurt  ii.) 

1.  Rhy.nchoptgus  Cai.deui,  <T  Archiac  if-  Ifnhiw,  sp.    Plate  XXXIII,  Figs.  1-6. 

Kurtiodia  Calderi,  <C Archiue  »y  IJaimr,  Dftcrip.  Anim.  Jots,  du  ijrxtupt  nuw(wi.  <l,  Clmle,  p.  4.i52,  pi.  MX, 
fig.  10. 

Test  of  moderate  size.  Marginal  contour  suboval,  rather  flattened  at  the  sides, 
somewhat  clliptically  rounded  in  front,  and  distinctly  truncate  posteriorly,  where  it  is 
also  slightly  rcenteringly  curved.  In  some  examples  the  greatest  width  is  in  a  line  with 
the  extremities  of  the  postero-lateral  petals ;  and  a  somewhat  angular  protuberance  is 
produced  in  the  contour  by  the  rather  rapid  rounding  of  the  margin  from  this  point 
until  it  joins  the  posterior  truncation.  The  breadth  is  usually  about  three  fourths  of  the 
length ;  but  in  some  cases  the  disproportion  is  slightly  less.  The  dorsal  surface  is 
moderately  high,  with  a  subcarinate  or  rounded  ridge  along  the  longitudinal  axis,  from 
which  the  sides  are  inclined  roof-like.  The  vertical  height  at  the  summit  is  rather  more 
than  one  half  the  length.  The  apical  summit  of  the  teat  is  excentric  in  front ;  and  when 
seen  in  longitudinal  profile  the  dorsal  surface  shows  a  more  rapid  anterior  than  posterior 
slope,  the  disparity,  however,  being  variable  and  dependent  on  the  greater  or  less 
excentricity  of  the  summit. 

The  transverse  profile  exhibits  an  arch-like  contour,  produced  by  the  longitudinal 
carination  of  the  test.  The  margin  is  tumid,  but  less  so  posteriorly,  and  more  or  less 
conspicuous  protuberances  are  present  at  the  posterior  third  and  near  to  the  posterior 
truncation.  When  seen  in  profile,  the  ambitus  presents  a  graceful  curve,  in  consequence 
of  the  anterior  part  of  the  test  being  on  a  slightly  higher  level  than  the  sides ;  and  there 
is  a  corresponding  upward  slope  posteriorly,  starting  from  the  protuberance  on  the 
margin,  which  stands  in  line  with  the  extremities  of  the  postero-lateral  petals.  The 
anterior  portion  of  the  dorsal  surface  is  rather  more  sharply  carinate  than  the  posterior 
portion,  which  is  frequently  more  rounded.  The  longitudinal  keel  is  terminated 
posteriorly  by  a  prominent  lip,  which  overhangs  the  periproct.  The  actinal  surface  is 
concave,  a  more  or  less  distinct  longitudinal  trough  being  frequently  produced. 

The  apical  disk  is  small  and  inconspicuous,  usually  a  little  in  advance  of  the  summit 
of  the  test.  The  four  small  genital  plates  have  moderately  large  pores,  which  are 
almost  equhlistantly  spaced.  The  ocular  plates  are  very  minute;  those  in  connexion 
with  the  odd  and  the  anterior  pair  of  petals  lie  between  and  separate  their  neighbouring 
genital  plates ;  whilst  those  in  connexion  with  the  posterior  pair  of  petals  are  placed  on 
the  inner  side  of  the  posterior  genital  plates,  and  are  separated  from  one  another  by  an 
extension  of  the  madreporifonn  body,  which  also  occupies  the  whole  of  the  central 
portion  of  the  disk. 

The  ambulacral  petals  are  flush  with  the  surface  of  the  test  and  unequal.  The  odd 
anterior  ambulacrum  is  large,  broad,  open  anteriorly,  and  has  broad  poriferous  zones ; 
the  line  of  the  inner  pores  is  nearly  straight,  and  that  of  the  outer  pores  forms  a  curve, 
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in  consequence  of  the  pairs  of  pores  being  wider  apart  midway  upon  the  petal  than  at 
the  extremities.  The  inner  pores  are  round,  and  the  outer  pores  elongate  or  comma- 
shaped  ;  with  the  connecting  furrow  very  narrow  and  difficult  to  make  out,  and  often 
appearing  to  be  obliterated  before  reaching  the  inner  pore.  The  divisional  septa  arc 
broad,  and  ornamented  with  one  or  two  primary  tubercles  in  sunken  scrobicules,  rather 
smaller  than  those  in  the  interporiferous  area.  The  interporiferous  are«  is  nearly  equal 
to  twice  the  width  of  the  poriferous  zone  at  its  widest  part ;  it  is  ornamented  with  rather 
smaller  primary  tubercles  than  those  upon  the  interradial  plates  of  the  test.  The  odd 
anterior  ambulacrum  terminates  at  a  short  distance  before  the  tumid  rounding  of  the 
margin  commences.  The  anterolateral  petals  are  much  shorter  than  the  odd  anterior 
one,  and  are  a  shade  narrower  at  their  widest  part.  On  the  outer  half  of  their 
poriferous  zones  the  distance  which  separates  the  pores  of  a  pair  commences  to 
diminish  more  rapidly  than  in  the  odd  anterior  petal,  in  consequence  of  which  the 
line  of  the  outer  pores  forms  a  much  more  rapid  curve,  which  causes  the  petal  to  have 
a  more  contracted  appearance.  The  interjroriferous  area  is  narrower  than  in  the  odd 
anterior  petal,  and  is  somewhat  more  contracted  at  the  outer  extremity,  hence  the 
poriferous  zones  are  much  closer  together  in  the  anterolateral  petals.  The  postero- 
lateral petals  are  about  equal  in  length  to  the  odd  anterior  petal,  and  are  consequently 
longer  than  the  anterior  pair,  with  which,  however,  they  correspond  iu  breadth.  The 
poriferous  zones  do  not  contract  in  width  so  rapidly  as  in  the  anterior  pair,  and  the 
anterior  zone  of  each  postero-lateral  petal  usually  appears  to  be  somewhat  broader  than 
the  companion  zone  of  the  same  petal.  The  postero-lateral  petals  terminate  about 
midway  between  the  apical  disk  and  the  margin ;  whilst  the  anterolateral  petals  extend 
very  slightly  beyond  the  same  proportional  distance,  the  s|>ace  beyond  the  posterior  pair 
being  obviously  much  greater. 

The  ornamentation  of  the  interradial  portions  of  theabactinal  area  is  very  uniform, 
and  consists  of  small  primary  tubercles,  sunken  in  deep  small  scrobicules,  closely  placed, 
and  with  the  intermediate  portions  coalesced  or  confluent.  On  the  actinal  surface  the 
tubercles  and  the  scrobicules  become  larger  as  they  approach  the  mouth,  and  the  former 
are  distinctly  perforate.  Along  the  median  interradial  line  in  the  posterior  interradiutn 
there  is  much  of  the  deep-pitted  ornamentation  characteristic  of  this  genus. 

The  peristome  is  large,  pentagonal,  and  longitudinally  elongate.  It  is  excontric  in 
front,  placed  beneath  the  apical  disk,  and  presents  a  well-developed  floscelle.  The 
bourrelcts  are  subequal,  large,  deep,  conspicuous,  and  rather  angularly  subtubercular 
externally,  their  whole  surface  covered  with  fine  uniform  granulation.  The  phyllodes 
are  wide  and  well  developed.  They  consist  of  a  curved  outer  line  of  pores,  six  to  eleven 
in  number,  the  outline  of  the  phyllode  being  somewhat  lyre-shaped,  and  an  inner  series 
of  four  to  five  pores  to  each  zone  standing  in  a  more  or  less  straight  line ;  and  inside  the 
lines  of  inner  pores  are  a  corresponding  number  of  sphaaidia-pits,  each  companion  pore 
and  pit  being  separated  from  the  neighbouring  pair  by  a  more  or  less  developed  costal 
ridge.  Indistinct  ridges  are  present  in  connexion  with  the  series  of  outer  pores.  There 
is  a  very  narrow  but  distinct  channel  between  each  bourrelet,  and  a  pore  is  present  at 
the  outer  extremity  of  each  of  the  long,  delicate  peristomial  plates.    The  odd  anterior 
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phyllode  is  rather  shorter  than  those  of  the  lateral  ambulacra ;  and  a  pitted  structure 
occurs  along  the  actinal  course  of  the  odd  anterior  arnbulacral  area,  instead  of 
scrobicules  with  tubercles  as  in  all  the  others.  These  pits  extend  nearly  to  the  margin, 
and  are  smaller  and  wider  apart  than  in  the  posterior  interradial  pitted  space  mentioned 
above. 

The  periproct  is  above  the  ambitus,  and  somewhat  away  from  the  margin ;  the 
aperture  is  large,  transverse,  and  overhung  by  the  conspicuous  rounded  supra-anal  pro- 
jection of  the  dorsal  posterior  interradial  carination.  The  portion  of  the  test  beneath 
the  periproct  is  slightly  hollowed  into  a  wide  but  shallow  groove,  which  extends  to  the 
rounded  margin,  and,  passing  over  it,  becomes  fainter,  but  still  feebly  indents  the  con- 
tour of  the  posterior  truncation. 

Young  form.  A  small  test,  20  millim.  in  length,  presents  all  the  characteristics  of 
the  adult,  the  specific  fades  being  unmistakable. 

Variation*.  A  considerable  amount  of  variation  within  small  limits  is  exhibited  by 
the  series  of  Khirthar  specimens.  This  principally  affects : — (1)  the  marginal  contour, 
by  the  narrowing  of  the  anterior  portion  of  the  test;  (2)  the  dorsal  area,  by  varying 
degrees  of  tumidity ;  and  (3)  the  actinal  area,  by  an  increase  or  a  diminution  in  the 
amount  and  distinctness  of  the  longitudinal  concavity,  together  with  a  greater  or  less 
tumidity  of  the  margins. 

A  singular  monstrosity  occurs  in  one  of  the  specimens,  which  consists  in  having  the 
odd  anterior  petal  entirely  aborted.  Notwithstanding  this  extraordinary  defect,  the 
shape  of  the  test  maintains  its  regularity,  and  the  missing  ambulacrum  is  only  noticeable 
on  examination.  Only  three  genital  pores  arc  present,  and  only  the  posterior  pair 
are  in  their  proper  position.  The  specimen  is  figured  on  account  of  this  interesting 
malformation. 


■ 

A. 

r. 

e. 

/• 

miJIim. 

millim. 

millim. 

millim. 

millim. 

tuillixi 

Length  of  the  test .  . 

.  34 

35 

42 

37 

36 

20 

Breadth  of  the  test 

.  26 

2G 

305 

27 

27-5 

15 

Height  of  the  test .  . 

.  10 

IS 

105 

20-5 

IS 

10 

Width  of  odd  anterior  ambulacrum  of  specimen  marked  "  a"  .    4  millim. 
Width  of  interporiferous  area  of  the  same  petal  I  S  „ 

Localities.  In  the  Khirthar  series:— i.  Twelve  miles  east  of  Kandaira.  Survey- 
number  -t^J*. 

ii.  Aongar  hill-scarp,  east  of  Meting  Railway-station.    Survey-number  a£*\ 

Illustrations  of  the  Species  in  Plate  XXXIII. 

Fig.  1.  Abactinal  view  of  the  test:  natural  size. 

2.  I/ongitudinal  view  of  the  same  test :  natural  size. 

3.  The  same  test,  seen  from  behind  :  natural  size. 
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Fig.  4.  Actinal  view  of  another  test :  natural  size. 

5.  The  peristome  and  surrounding  portions :  magnified. 

6.  Abactinal  view  of  an  abnormal  specimen,  in  which  the  odd  anterior 

ambulacrum  is  aborted  :  natural  size. 

2.  Riit.vchopyois  rvoM.EUs,  Ihinran  §•  Sladeu.    Plate  XXXIII,  Figs.  7-16. 

Rhynchopygug  prgmieu!,  A<-i<vi,i  if  SM<«,  Pal.  /«</.,  Pot.  Behm.  W<$Ur,i  Siml,  Fas.-,  ii.  (Banikot 
Seriw).  p.  01,  pi.  xv,  liga.  6  A  6. 

It  was  remarked  in  the  preceding  fasciculus  of  this  work,  when  describing  the 
Echini  of  the  Ranikot  scries,  that  the  present  secies  differs  from  R.  Cahleri  mainly 
in  its  small  size  and  in  the  different  shape  of  the  test,  the  disproportion  of  length  to 
breadth  being  less,  the  abactinal  area  being  regularly  convex,  without  any  trace  of  the 
longitudinal  keel,  and  the  posterior  truncation  barely  existing.  Furthermore,  the  peri- 
stome is  more  regularly  pentagonal,  and  the  boun  elets  are  more  sharply  tubercular  than 
in  R.  Calderi.  Excepting  these  points,  the  general  details  of  the  characters  of  these 
small  tests  accord  very  closely  with  the  description  of  R.  Calderi ;  and  under  these  cir- 
cumstances we  deem  it  unnecessary  to  add  to  our  previous  remarks.  When  studying 
the  few  Ranikot  specimens  of  this  species  we  were  inclined  to  think  that  the  form  under 
notice  might  perhaps  prove  to  be  only  the  young  of  a  variety  of  R.  Calderi,  or  even  of 
R.  Calderi  itself.  With  the  larger  series  of  examples  from  the  Khirthar  beds  now  at 
our  disposal,  we  consider  that  such  a  supposition  is  almost  untenable.  The  form  has 
been  collected  at  a  number  of  stations  ;  and  although  a  considerable  amount  of  variation 
is  found  when  the  series  from  different  localities  are  compared,  and  even  amongst  indi- 
viduals from  the  same  locality,  we  are  unable  to  detect  a  transition  between  R,  pygmeeua 
and  R.  Calderi.  Young  specimens  of  R.  Calderi,  of  equal  size  to  the  present  species, 
present  all  the  characters  of  the  adult  form ;  whilst,  on  the  other  hand,  examples  which 
appear  to  be  abnormally  large  for  R.pygmmu  maintain  the  characters  and  general  fades 
above  defined. 

Remarks.  The  chief  variations  occurring  in  this  inconstant  form  are  those  which 
affect  the  relative  proportions  of  length,  breadth,  and  height,  together  with  the  position 
of  greatest  breadth.  A  remarkably  depressed  example  occurs,  bearing  the  Survey-number 
t,,^\  in  which  the  abactinal  area  is  very  low,  the  margins  tumid,  the  contour  prominent 
anteriorly  and  truncate  posteriorly,  and  with  the  periproct  wide  and  exposed.  This 
latter  character  appears  to  be  owing  to  damage  of  the  test  through  weather-wearing. 
Had  this  abnormal  form  been  represented  only  by  a  solitary  example,  it  would  have 
probably  been  placed  as  a  well-marked  variety.  From  the  fact,  however,  that  other 
depressed  specimens  occur  from  Stations  117  and  112,  which  appear  to  us  to  form  a 
transition  with  the  normal  type  of  the  species,  any  nominal  recognition  of  the  variation 
would  seem  undesirable.    The  specimen  is  drawn  in  Figs.  15  &  16. 

A  large  and  very  elongate  example  comes  from  Station  111  c,  which  in  marginal 
contour  resembles  the  contour  of  R.  Calderi  when  seen  from  below  more  nearly  than 
any  other  specimens  we  have  examined.    The  abactinal  surface  is  low  even  for  R. 
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jpygmctus,  and  in  no  way  differs  from  the  general  character  of  that  species,  to  which 
we  see  little  reason  for  hesitating  to  refer  the  example.  Its  preservation,  however,  is 
too  bad  to  allow  of  a  detailed  description,  and  the  teat  is  also  much  obscured  by  matrix. 
It  is  altogether  unfitted  for  illustration. 


millim.  millim.  millim. 

Length  of  the  test    .    .    19       20       21-5    28       31  21  34 

Breadth  of  the  test  .17       17       18  ")     25       26  5  18  27 

Height  of  the  test    .    .      9         9       10       18*5     17  8  15 

"  d  "  and  "  e  "  are  the  two  largest  examples. 
"f"  ig  the  depressed  variety, 
"j  "  is  the  elongate  variety. 

Ijocalities.  All  in  the  Khirthar  series : — 

(i.)  North  by  east  of  Petinni,  west  of  Kotri.  Survey-number 

(ii.)  North  by  east  of  Meting.    Survey-number  9JSS. 

(iii.)  Hills  west  of  Unarpur.  Survey-number0.^'. 


(iv.)  Three  or  four  miles  south-south-east  of  Meting,  at  the  base  of  the  scarp. 
Survey-number  uryi 

(v.)  Near  Meting  Railway-station.  Survey-number 
(vi.)  East  of  Jungshahi.    Survey  number 

(vii.)  I-owest  scnrp  under  Karothur  Hill,  eiglit  miles  east-north-east  of  Jungshahi 
(at  the  base  of  the  group).  Survey-number  °|'^°. 

(viii. )  On  the  road,  about  four  miles  west  of  Kotri.    Survey-number  G|^H. 
(ix.)  Hills  six  miles  north-west  of  Kotri.    Survey-number  a**\ 
(x.)  Karra  range,  south  of  'Irak.  Survey-number 

Illustrations  of  the  Species  in  Tlate  XXXIII. 

Fig.  7.  Abactinal  view  of  the  test :  natural  size. 

8.  Actinal  view  of  the  test :  natural  Bize. 

9.  Longitudinal  profile  of  the  same  test :  natural  size. 

10.  The  same  test,  seen  from  behind  :  natural  size. 

11.  Abactinal  view  of  the  tost  of  a  large,  widely  expanded,  and  high  form: 

natural  size. 

12.  Longitudinal  profile  of  the  same  test  as  fig.  11 :  natural  size. 

13.  Alwctinal  view  of  the  test  of  a  large  form  :  natural  size. 

14.  Longitudinal  profile  of  the  same  test  as  fig.  13  :  natural  size. 

15.  Abactinal  view  of  the  test  of  a  flat,  depressed  variety  :  natural  size. 

16.  Longitudinal  profile  of  the  same  test  as  fig.  15. 
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Family  8PATANQIDJL 

flUj  frmb  SPA  TASGINAS. 

Qenus  MICRASTER,  Ayawz,  1836. 

Test  more  or  less  heart-shaped  and  inflated,  with  the  anterior  margin  indented 
by  the  anteal  sulcus. 

Apical  disk  compact,  subcentral  or  excentric  in  front. 

The  paired  ambulacra  petaloid,  unequal,  placed  in  shallow  furrows.  Poriferous 
zones  equal ;  pores  equal,  pairs  united  by  a  conjugating  furrow.  The  odd  anterior 
ambulacrum  placed  in  a  sulcus,  which  is  usually  broad  but  not  very  deep ;  its  pori- 
ferous zones  are  very  narrow,  with  minute  pores  placed  in  widely  spaced,  oblique 
pairs. 

Peristome  bilabiate,  very  excentric  in  front. 
Peripiitct  oval,  on  the  posterior  extremity 

A  single  fasciole,  subanal,  encircling  the  inferior  margin  of  the  posterior  ex- 
tremity. 

Tubercles  small,  perforate  and  mnulate. 

1.  Micraster  tomidis,  Duncan  &  Sladnt.    Plate  XXXVII,  Figs.  1-6. 

Test  of  moderate  size,  tumid,  roundly  cordiform,  vertically  truncate  posteriorly, 
length  rather  greater  than  the  breadth,  or  proportional  as  1  :  0  D5,  the  greatest 
breadth  being  slightly  in  front  of  the  centre.  Anteriorly  the  marginal  contour  is  full 
and  well-rounded,  with  the  faintest  suggestion  of  an  impression  corresponding  with  the 
position  of  the  odd  anterior  ambulacrum,  and  a  slight  flattening  midway  on  the  antero- 
lateral interradia.  Behind  the  line  of  greatest  breadth  the  test  converges  gradually  and 
regularly,  terminating  with  a  rather  sharp  rounding  on  the  posterior  truncation.  The 
greatest  height  is  excentric  posteriorly,  and  is  equal  to  about  three  fourths  of  the  length, 
the  proportions  of  length  to  height  being  as  1 :  0  76.  The  test  is  high,  full,  and  tumid. 
When  viewed  in  longitudinal  profile,  the  anterior  slope  is  seen  to  dip  at  a  comparatively 
slight  angle,  the  anterior  margin  being  very  high,  thick,  and  rounded.  At  the  position 
of  greatest  height  there  is  a  gentle  convex  curve,  and  the  posterior  slope  is  much  more 
rapid,  as  well  as  more  convex,  than  the  anterior.  The  posterior  truncation  is  vertical, 
and  is  well  rounded  beneath  on  to  the  actinal  surface.  Seen  in  transverse  profile,  the 
great  tumidity  of  the  sides  of  the  test  is  specially  remarkable.  The  actinal  surface  is 
convex,  the  rcsting-plane  being  along  the  median  line  of  the  plastron,  whence  the 
test  slopes  downwards  to  the  lateral  margins.  It  is  also  rounded  in  front.  There  is  a 
slight  prominence  on  either  side  where  the  posterior  truncation  unites  with  the 
plastron.  The  periproct  is  very  high,  and  placed  at  the  top  of  the  posterior  extremity. 

The  apical  system  is  small,  slightly  excentric  in  front,  and  consequently  far  in  front 
of  the  general  summit  of  the  test;  and  its  character  is  very  compact.    The  four 
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interradial  (genital)  plates  are  elongately  hexagonal  in  shape  and  subequal  in  size,  all 
touching  one  another  equally.  Three  only  are  perforated  by  the  genital  foramina,  which 
are  large,  circular,  and  occupy  the  greater  portion  of  the  plate.  The  fourth,  or 
unpunctured,  plate  is  the  madreporite,  and  is  perhaps  a  shade  smaller  than  the  other 
three,  no  extra  development  of  this  plate  centrally  taking  place.  The  madreporiform 
body  is  small,  compact,  slightly  convex,  and  confined  to  a  limited  oval  area  in  the 
median  portion  of  the  plate.  The  ocular  plates  are  comparatively  large  and  subpent- 
agonal  in  shape,  and  the  posterior  part  of  the  plate  forms  a  depressed  cavity,  within 
which  the  ocular  pore  is  situated.  The  plates  corresponding  to  the  three  anterior 
ambulacra  each  fill  the  angle  between  two  of  the  facets  of  neighbouring  genital  plates. 
The  two  posterior  ocular  plates  are  juxtaposed;  the  right-hand  plate  is  somewhat 
larger  than  its  companion,  and  touches  both  of  the  posterior  genital  plates,  the  left 
posterior  ocular  plate  filling  in  the  angle  formed  by  the  sides  of  the  left  posterior  genital 
plate  and  the  right  posterior  ocular  plate. 

The  ambulacra  are  short,  broad,  and  pctaloid,  situated  in  broad  but  shallow 
depressions  of  the  test,  which  thin  out  gradually  at  the  distal  extremity.  The  odd 
anterior  ambulacrum  is  narrower  than  the  paired  petals,  and  is  situated  in  a  shallower 
groove,  the  depression  being  scarcely  perceptible  at  the  ambitus.  After  the  petal  has 
attained  its  normal  width,  at  a  short  distance  from  the  apical  disk,  the  poriferous  zones 
run  parallel,  and  do  not  diverge  apart.  The  pores  are  round,  equal,  and  the  pairs  are 
placed  oblique,  each  in  a  very  faint  depression.  There  are  14  or  15  pairs  in  each  zone, 
extending  to  the  ambitus,  and  the  outermost  three  or  four  pairs  are  very  widely  spaced, 
and  much  smaller  than  the  others.  The  interporiferous  area  is  nearly  twice  the  width 
of  the  same  region  in  the  paired  petals  and  its  surface  is  covered  with  small,  uniform, 
miliary  granules. 

The  lateral  or  paired  petals  are  subequal,  the  anterior  pair  beiug  a  shade  longer 
than  the  posterior  pair.  The  petals  proceed  direct  from  the  apex  outwards,  and  have 
no  flexure  ;  the  anterior  pair  are  widely  divergent,  the  enclosed  angle  being  about  110  . 
The  poriferous  zones  increase  in  breadth  gradually  as  they  proceed  from  the  apical 
extremity  until  past  the  middle  of  the  petal,  and  then  contract  again  slightly  towards 
the  distal  extremity,  which  is  rather  remote  from  the  margin.  The  interporiferous  area 
is  straight  and  nearly  uniformly  broad,  excepting  the  normal  constriction  at  the  apical 
extremity  ;  also  a  slight  contraction  at  the  distal  extremity,  which  is  remarkable.  The 
surface  of  the  area  is  smooth  and  devoid  of  granules.  The  poriferous  zone  is  wider  at 
its  broadest  part  than  the  interporiferous  area.  The  pores  are  wide  apart,  elongately 
pyriform,  both  inner  and  outer,  the  latter  being  slightly  larger ;  and  they  are  united  by 
a  shallow  furrow,  are  slightly  oblique  in  position,  and  are  separated  from  adjacent  pairs 
by  narrow  costa?,  which  arc  ornamented  with  a  single  line  of  six  or  seven  small,  uniform, 
miliary  granules.  The  granules  are  best  defined  on  the  outer  portion  of  the  costal 
ridge,  and  tend  to  disappear  before  reaching  the  interporiferous  area.  Consequent  on 
the  gradual  increase  in  the  breadth  of  the  poriferous  zones  in  proceeding  outwards,  and 


the  succeeding  diminution  towards  the  distal  extremity,  the  outline  of  the  ambulacra  is 
markedly  petaloid.    Beyond  the  petaloid  portion  of  the  ambulacra  there  are  about  three 


OF  WESTERN  SIND. 


191 


pairs  of  small  pore*  in  continuation  of  each  zone,  widely  spaced,  the  pores  small,  round 
and  close  together.  The  succeeding  pores  are  simply  microscopic.  The  cxtrapctalous 
portions  of  the  poriferous  zones  diverge  outwards  towards  the  ambitus,  and  again  con- 
verge as  they  approach  the  peristome. 

The  postero-lateral  ambulacra  are  similar  in  every  respect  to  the  anterior  pair 
above  described,  and,  like  them,  proceed  direct  from  the  apex  outwards.  The  curve  of 
the  anterior  zone  is  perhaps  slightly  fuller  near  the  apex  than  that  of  the  companion 
posterior  zone,  but  the  difference  is  so  slight  that  it  is  only  perceptible  in  some  speci- 
mens. The  posterior  petals  enclose  an  angle  of  about  62'.  The  distal  extremity  of  the 
petal  is  more  remote  from  the  margin  than  that  of  the  anterior  pair;  and  the  extra- 
pctalous portion  of  the  ambulacra  is  of  similar  character  to  those  above  described. 
Three  pairs  of  pores  are  well  developed  within  the  subanal  fasciolar  area.  There  are 
23  to  26  pairs  of  pores  in  the  poriferous  zone  of  the  anterolateral  petals,  and  usually 
one  to  three  pairs  less  in  t  he  postero-lateral  ambulacra. 

The  anterior  interradia  have  a  slightly  tumid  appearance,  which  is  especially 
emphasized  on  the  abactinal  surface,  the  breadth  and  shallowness  of  the  depressions  in 
which  the  petals  are  placed  causing  the  interradia  to  seem  more  prominent  than  they 
really  are.  In  the  lateral  interradia  the  subcarinatc  character  is  less  prominent,  but  is 
most  highly  developed  in  the  odd  posterior  iuterradium,  the  narrow  space  between  the 
postero-lateral  petals  forming  a  brood,  low,  well-rounded  keel :  and  there  is  a  slight 
tumidity  in  continuation  of  this  along  the  median  line  of  the  area  extending  up  to  the 
periproct.  The  ornamentation  consists  of  very  small  primary  tubercles,  punctured  and 
crenulated,  situated  in  a  small  scrobicule,  and  widely  spaced,  the  intermediate  space 
being  filled  with  small,  low,  uniform,  well-spaced  miliary  granules.  On  the  abactinal 
area  the  ornamentation  is  so  small  that  it  is  only  seen  under  magnification.  In  the 
neighbourhood  of  the  mouth  it  becomes  larger,  however ;  and  on  the  plastron  the 
tubercles  are  large  and  uniform,  standing  on  large,  prominent  scrobicules,  which  are 
closely  placed,  and  in  parts  imbricate  or  impinge  on  the  neighbouring  scrobicules. 

The  peristome  is  very  execntric  in  front,  is  rather  small  and  transversely  oval  in 
outline,  and  is  surrounded  by  a  slightly  raised  margin.  The  posterior  lip  is  insignificant, 
very  faintly  produced,  and  is  not  prominent ;  but  there  is  a  rather  prominent  tumidity 
behind  the  lip,  and  a  little  remote  from  its  margin,  which  merges  gradually  into  the 
median  tumidity  of  the  plastron.  The  ambukcral  regions  in  the  neighbourhood  of  the 
peristome  are  slightly  depressed. 

The  periproct  is  about  equal  in  size  to  the  mouth,  is  transversely  oval,  and  situated 
at  the  extreme  top  of  the  posterior  truncation.  The  general  character  of  this  area  is 
on  the  whole  tumid ;  but  iu  the  inferior  part  there  may  be  a  very  faint  tendency 
towards  a  median  depression. 

A  broad,  well-developed,  subanal  fasciole  encircles  the  angle  of  the  posterior 
margin,  part  being  above  and  part  below  the  rounded  angle  formed  at  the  junction  of 
the  vertical  posterior  end  and  the  actinal  surface.  The  space  enclosed  is  large  and  sub- 
reniform  in  outline,  and  the  upper  part  of  the  fasciole  dips  down  with  a  rather  deep 
reentering  curve,  pointing  downwards,  in  the  median  line.     Three  pairs  of  pores 
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belonging  to  the  posterior  zone  of  the  posterior  petals  are  included  within  the  fasciole, 
and  mark  its  lateral  boundaries. 

The  presence  of  a  peripetalous  fasciole  is  very  doubtful.  In  none  of  the  specimens 
is  the  delicate  ornamentation  of  the  test  within  the  region  of  the  petals  sufficiently  well 
preserved  to  enable  this  point  to  be  settled.  In  one  of  the  specimens  which  has  some 
portions  fairly  well  preserved  an  arrangement  of  granulation  may  bo  observed  at  the 
extremity  of  the  antero-lateral  petal,  and  extending  for  a  short  distance  close  along  the 
posterior  margin  of  the  groove,  which  is  rather  suggestive  of  a  fasciole.  There  is  also  a 
slight  tumidity  on  one  of  the  plates  about  midway  on  the  anterior  margin  of  the  posterior 
petal,  which  might  possibly  indicate  the  line  of  direction  taken  by  the  supposed  fasciole 
in  crossing  the  posterolateral  intcrradium ;  but  no  actual  band  is  discernible.  The 
strip  of  granulation  above  referred  to  is,  however,  somewhat  ill-defined,  and  wanting  in 
compactness — a  fact  which,  together  with  the  inability  of  finding  any  trace  of  the  fasciole- 
8tructure  elsewhere,  leads  us  to  entertain  very  great  doubts  as  to  the  presence  of  a 
second  fasciole  in  the  .Spatangoid  under  notice. 

Remarks.  This  very  interesting  form  is  readily  distinguishable  either  from  its  con- 
geners or  any  species  with  which  we  are  acquainted.  At  first  sight  it  strongly  suggests 
the  outline  of  Tox'tster,  but  the  structure  is  altogether  different.  The  very  doubtful 
presence  of  a  peripetalous  fasciole,  which  has  been  remarked  upon  above,  is  the  only 
point  upon  which  we  hesitate  in  referring  this  Spatangoid  to  the  genus  Micraster.  Until 
more  perfectly  preserved  specimens  are  received,  we  do  not  feel  justified  in  taking  any 
other  course. 

Dimetuiotu. 

nn  1  lieu. 


Length  of  the  test   36 

Breadth  of  the  test   34  5 

lleight  of  the  test   27  5 

Length  of  the  antero-lateral  petals   12 -5 

Length  of  the  posterolateral  petals     ....  11 

Breadth  of  the  paired  petals   43 

Breadth  of  the  odd  anterior  petal   2  75 

Transverse  diameter  of  the  peristome  ....  4'5 

longitudinal  diameter  of  the  peristome   .        .  2 "25 


IiOcality.  In  the  Khirthar  series  of  strata:  Baili,  west  of  Tong.  Survey- 
number 

Illustrations  of  the  Species  in  Plate  XXXVII. 

Fig.  1.  Abactinal  view  of  the  test:  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  1  .ongitudinal  profile  of  the  test :  natural  size. 

4.  Odd  anterior  ambulacrum  :  magnified. 

5.  Portion  of  one  of  the  petaloid  ambulacra:  magnified. 
0.  Apical  disk  :  magnified. 
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Genus  HEM1ASTER,  Uesur,  1847. 

(See  atitn'i,  P-  Hi  But  B») 

1.  Hkmiaster  apicaxis,  Duncan  <£•  Sladrn.    Plate  XXXIV,  Figs.  1-7. 

Test  of  large  size,  marginal  contour  irregularly  suboval,  widely  expanded  laterally, 
the  greatest  breadth  lying  across  the  posterior  third.  In  front  of  this  prominent  lateral 
protuberance  the  test  contracts  rather  rapidly,  passing  sharply  round  the  subcarinate 
tumidity  of  the  anterior  interradial  areas,  and  indented  in  front  by  a  distinct  but  not 
very  deep  antral  sulcus.  Behind  the  line  of  greatest  breadth  the  outline  of  the  test 
contracts  rapidly,  giving  a  somewhat  pointed  appearance  posteriorly.  The  length  of 
the  test  is  slightly  greater  than  the  breadth,  the  proportions  being  as  1 :  0'923.  The 
greatest  height  of  the  test  lies  a  little  behind  the  centre,  and  is  proportional  to  the 
length  as  0*66:1. 

The  apical  disk,  which  is  small,  is  excentric  in  front,  the  anterior  portion  of  the 
median  line  being  little  more  than  one  half  of  the  posterior  part.  Seen  in  longitudinal 
profile,  the  anterior  slope  shows  only  a  slight  convexity,  the  anterior  extremity  being 
thick  and  tumid.  The  posterior  slope  of  the  test,  after  a  short  convexity  along  the 
saddle-backed  keel  of  the  posterior  interradium,  descends  with  an  almost  precipitous 
slope,  the  posterior  margin  being  much  less  rounded  than  the  anterior.  Seen  in  trans- 
verse profile,  the  test,  when  viewed  in  front,  has  a  high  and  somewhat  conical  appear- 
ance, the  carinate  portions  of  the  paired  interradia  being  distinctly  visible.  Owing  to 
the  anterior  declivity  of  the  test,  the  postero-lateral  keels  and  the  posterior  wall  of  the 
antero-lateral  petals  are  seen  above  the  antero-lateral  keels,  and  the  prominent,  well- 
rounded  keel  of  the  odd  posterior  interradium  attains  midway  a  still  greater  deration. 
When  seen  from  behind,  the  lateral  portions  of  the  dorsal  profile  have  a  fuller  and  more 
tumid  appearance  than  when  seen  from  the  front,  and  the  general  contour  of  the  pro- 
file is  more  convex,  the  median  posterior  keel  being  high  and  prominent.  The  position 
of  the  periproct  is  high,  and  appears  to  have  been  situated  at  the  commencement 
of  the  inferior  third  of  the  height ;  but  accurate  observation  on  this  point  is  impos- 
sible in  the  specimen  under  description,  in  consequence  of  fracture  and  imperfect 
preservation. 

The  apical  disk  is  excentric  in  front  and  comparatively  small.  There  are  four 
generative  pores,  the  posterior  pair  being  very  wide  apart ;  and  the  posterior  ocular 
plates  are  widely  separated  and  pushed  asunder,  as  it  were,  by  a  remarkably  broad 
expansion  of  the  central  madreporiform  body. 

The  odd  anterior  ambulacrum  is  in  a  well-defined,  rather  deep  groove,  which 
expands  and  becomes  shallower  as  it  approaches  the  margin,  where  it  forms,  however,  a 
conspicuous  indentation  in  the  anterior  contour.  It  is  continued,  although  greatly 
diminished  in  depth,  over  the  margin,  and  dies  out  just  before  reaching  the  peristome. 
The  pairs  of  pores,  which  are  situated  in  small  oval  cavities,  arc  placed  obliquely,  and 
the  pores  of  a  pair  are  separated  by  a  small  tubercle.  Near  the  apical  extremity  of  the 
ambulacrum  the  pores  are  very  small  and  closely  placed,  but  as  they  proceed  outward 
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the  size  of  the  pores  and  the  distance  between  adjacent  pairs  is  greatly  increased.  Near 
to  the  fasciole  the  pores  again  become  smaller,  and  outside  its  boundary  are  simply 
microscopic.  The  floor  of  the  groove  is  covered  with  small  low  granules  of  two  sizes, 
irregularly  interspersed  and  rather  widely  spaced. 

The  antero-lateral  petals  arc  large,  long,  and  in  deep  grooves.  They  have  a  very 
straight  appearance,  the  breadth  being  comparatively  uniform,  and  the  expansion  towards 
the  outer  extremity  only  slight.  The  groove  does  not  terminate  abruptly  at  this  point, 
but  contracts  gradually,  which  gives  to  its  outer  end  rather  a  pointed  character.  The 
divergence  of  the  anterolateral  petals  is  great,  the  angle  enclosed  being  about  1203. 
The  poriferous  zones  are  wide,  the  pores  large  and  elongately  pyriform,  with  the 
pores  of  a  pair  united  by  a  shallow  furrow,  the  intervening  ridge  being  broad,  and  orna- 
mented along  its  median  line  by  a  single  row  of  small  miliary  granules.  There  are 
about  88  pairs  of  pores  in  each  zone.  The  interporiferous  area  is  very  uniform  in 
breadth,  excepting  at  the  apical  extremity,  where  it  narrows  rapidly  ;  its  normal  breadth 
is  about  equal  to  that  of  the  poriferous  zone  at  its  widest  part.  The  apical  portion  of 
the  posterior  zone  is  more  precipitous  than  any  other  part,  and  the  anterior  zone  is,  on 
the  whole,  rather  more  precipitous  than  the  companion  zone,  although  both  zones 
occupy  entirely  the  lateral  walls  of  the  groove.  The  only  ornamentation  on  the  inter- 
poriferous area  consists  of  a  few  very  minute,  very  widely  and  irregularly  placed 
miliary  granules.  The  antero-lateral  petals  measure  25  millim.  from  the  centre  of 
the  apical  disk  to  their  extremity,  and  are  0  millim.  wide  at  their  broadest  part. 

The  postero-lateral  ambidacra  are  four  fifths  of  the  length  of  the  anterior  petals, 
measuring  20  millim.  long  and  4  5  millim.  broad.  They  are  in  deep  grooves,  similar  to 
those  of  the  anterior  pair,  aud  they  do  not.  expand  greatly  in  width.  The  petals  curve 
rather  sharply  inward  at  the  apical  extremity,  and  the  posterior  zone  is  more  curved 
than  the  anterior  zone,  its  contour  being  sigmoidal,  in  consequence  of  a  rather  rapid 
bend  outward  at  the  outer  extremity,  whilst  the  outline  of  the  anterior  zone  is  a  simple 
curve.  Then  are  about  20  pairs  of  pores  in  each  zone,  and  their  character  is  similar  to 
that  of  the  anterior  petals  above  described  The  posterior  are  much  less  divergent  than 
the  anterior  pair  of  petals,  the  angle  they  enclose  being  about  60°. 

The  anterior  interradia  have  the  appearance  of  forming  a  high  tabular  keel,  in  con- 
sequence of  the  deep  ambulacral  grooves  and  the  gently  rounded  slope  of  the  interradia 
to  their  margins.  At  the  apical  extremity  this  apparent  earination  is  bevelled  off  to  the 
level  of  the  apical  disk.  Each  of  the  plates  of  the  interradial  areas  is  slightly  tumid, 
which  imparts  a  rather  knobby  character  to  the  test,  the  feature  being  most  marked  in 
the  plates  just  above  the  ambitus.  The  lateral  interradia  are  higher  and  rather  more 
carinate  in  appearance  at  the  apical  extremity,  although  they  are  bevelled  off  in  the 
neighbourhood  of  the  disk  in  the  same  manner  as  the  anterior  areas.  The  odd  posterior 
interradium  is  narrow,  high,  and  prominently  convex,  forming  a  regularly  rounded 
saddle-back,  whether  viewed  transversely  or  longitudinally,  the  apical  portion  sloping 
down  gently  to  the  level  of  the  apical  disk.  The  posterior  character  of  the  odd  inter- 
radium immediately  above  the  pcriproct  is  much  damaged.  The  margins  of  the  test 
are  tumid  and  well  rounded  on  to  the  actinal  surface,  excepting  perhaps  posteriorly, 
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where  there  is  a  tendency  towards  rostration.  The  plastron  and  the  neighbouring  por- 
tions of  the  test  are  destroyed. 

The  peristome  is  large,  very  excentric  anteriorly,  and  measures  U-5  millim.  in 
breadth  (transverse  diameter).  It  is  well  rounded  at  the  sides,  and  there  is  no  rim  on 
the  anterior  margin.    The  posterior  margin  or  lip  is  destroyed. 

One  fasciole  only,  which  is  peripctalous  and  well  developed.  It  is  broadest  at  the 
extremity  of  the  anterolateral  petals,  touching  the  groove  at  this  point.  It  curves 
round  and  passes  inward  somewhat  obliquely,  and,  diminishing  gradually  in  thickness, 
is  then  continued  for  a  very  short  distance  parallel  with  the  |>ctal,  and  more  than  half 
the  breadth  of  the  groove  remote  from  its  margin  ;  before  it  has  reached  midway  along 
the  petal  it  bends  abruptly  backwards,  passing  in  an  oblique  line  inwards  towards  the 
outer  third  of  the  postero-lateral  petal.  On  attaining  the  commencement  of  the  down- 
ward slope  of  the  area  along  the  margin  of  the  petal  the  fasciole  is  again  bent,  and,  fol- 
lowing the  outline  of  the  petal,  passes  close  to  its  posterior  extremity,  and  thence  mounts 
immediately  the  high  posterior  keel.  In  front  the  fasciole  passes  from  the  extremity  of 
the  anterolateral  petal  in  a  straight  line,  directed  forwards  and  inwards,  to  the  summit 
of  the  adjacent  tumid  interradial  plate,  diminishing  in  width  in  its  course.  From  this 
knob  it  passes  in  a  straight  line,  still  forwards  and  inwards,  to  the  knob  of  the  corre- 
spondent plate  on  the  companion  column,  increasing  temporarily  in  breadth  midway. 
From  the  anterior  knob  the  fasciole  passes  a  little  forwards,  and  crosses  the  anterior 
sulcus  with  a  forward-bending  curve  at  a  very  little  distance  from  the  ambitus. 

The  ornamentation  of  the  test  is  remarkably  handsome.  It  is  smaller  towards  the 
posterior  portion  of  the  test  and  within  the  fasciole,  and  increases  in  size  at  the  margins 
and  on  the  actinal  surface.  It  is  also  rather  larger  along  the  margins  of  the  ambulacrnl 
grooves  than  on  the  other  portions  of  the  interradia  circumscribed  by  the  fasciole.  Just 
above  the  ambitus  in  the  anterior  interradia,  where  the  ornamentation  is  well  developed, 
it  consists  of  large  primary  tubercles,  with  a  small  perforata  mamelon  on  a  low  and 
coarsely  crenulated  boss,  standing  on  a  large,  circular,  scale-like  scrobicule,  the  aboral 
half  of  which  is  prominent,  whilst  the  udoral  merges  imperceptibly  into  the  substance 
of  the  test.  A  single  row  of  small,  well-spaced,  and  equal-sized  miliaries  surrounds  the 
scrobicule;  and  additional  ones  may  be  present  on  the  actinal  surface,  where  the 
tubercles  and  their  scrobicules  are  larger  and  more  widely  spaced. 

Remarks.  This  species  has  much  resemblance  in  form  to  some  of  the  species  of  the 
genus  Linthia ;  but  it  is  clearly  a  Hemiaster,  in  possessing  only  a  peripetalous  fasciole, 
portions  of  the  test  which  would  be  traversed  by  the  latero-subanal  fasciole,  if  present, 
being  well  preserved. 

dimensions.  Length  of  the  test  05  millim.,  breadth  60  millim.,  height  37  millim. 
(or  probably  somewhat  greater). 

Locality.  In  the  Khirthar  series  of  strata :  Gorge  of  the  Baran  river,  north-east  of 
Bula  Khan's  Thana.    Survey-number  0  jf . 
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Illustrations  of  the  Species  in  Plate  XXXIV. 


Fig.  1 .  Abactinal  view  of  the  test :  natural  size. 

2.  longitudinal  profile  of  the  test :  natural  size. 

3.  Transverse  profile,  seen  from  the  front :  natural  size. 

4.  Apical  disk  :  magnified. 

5.  Portion  of  the  odd  anterior  ambulacrum  :  magnified. 

6.  Portion  of  one  of  the  anterolateral  petals :  magnified. 

7.  Ornamentation  of  the  test  near  the  ambitus  in  one  of  the  anterior  inter- 


2.  Hemiastek  nobiub,  Duncan  d-  Staden.    Plate  XXXIV,  Figs.  8-11. 

Test  of  large  size ;  marginal  contour  ovally  subcordiform,  somewhat  flattened  in 
front,  and  very  faintly  incurved  in  the  region  of  the  odd  anterior  ambulacrum.  The  line 
of  greatest  breadth  lies  across  the  centre  of  the  test,  and  is  proportional  to  the  length  as 
0*93  :  1.  Behind  this  line  the  contour  contracts  gradually,  its  outline  forming  a  sub- 
parabolic  curve. 

The  apical  disk  is  excentric  posteriorly,  and  the  greatest  height  of  the  test  lies  a 
short  distance  behind  this.  The  condition  of  the  specimen  unfortunately  does  not  admit 
of  these  proportions  being  determined  accurately,  but,  as  far  as  judgment  can  be  drawn 
from  the  example  in  its  present  state,  the  height  appears  to  have  been  about  three  fifths 
of  the  length.  Seen  in  longitudinal  profile,  the  keel  of  the  odd  posterior  interradium 
does  not  stand  at  a  higher  level  than  the  keels  of  the  lateral  interradia,  and  the  posterior 
slope  of  the  test  at  a  short  distauce  from  the  apical  disk  slopes  down  rather  abruptly, 
with  a  steep  incline  to  the  posterior  margin.  The  anterior  slope  is  much  more 
gradual,  and,  after  a  slight  curve  near  the  apex,  is  straight  until  it  reaches  the  very 
thick  and  tumid  anterior  margin,  on  which  some  gibbous  protuberances  are  noticeable. 
The  posterior  margin  was  probably  thick,  but  much  less  than  the  anterior  margin,  and 
was  probably  rounded.  Seen  in  transverse  profile,  the  lateral  slopes  of  the  dorsal 
surface  are  much  less  inclined  than  in  //.  apicalis,  and  the  lateral  margins  are  also  very 
much  thicker. 

The  odd  anterior  ambulacrum  is  in  a  very  wide  groove,  rather  deep  in  the  middle 
portion  of  its  course,  but  becoming  shallower  as  it  approaches  the  margin,  whilst  at  the 
ambitus  its  presence  is  indicated  only  by  the  faintest  incurving  of  the  outline,  and  is 
continued  in  a  similar  indefinite  manner  towards  the  peristome.  The  pairs  of  pores, 
which  are  situated  in  small  and  rather  deep  oval  cavities,  are  placed  obliquely,  and  the 
pores  of  a  pair  are  separated  by  a  rather  elongate  and  pointed  granule  or  tubercle.  Near 
the  apex  the  pairs  of  pores  are  very  closely  placed,  but  become  more  widely  spaced  as 
they  proceed  outward,  and  become  single  (or  apparently  so),  very  widely  spaced,  and 
almoBt  microscopic  in  size  beyond  the  lasciole.  The  floor  of  the  groove  is  covered  with 
a  minute  but  rather  well-spaced  granulation. 

The  anterolateral  petals  are  large,  long,  and  in  wide  deep  grooves,  of  almost  uni- 
form breadth,  except  near  the  apex,  and  with  their  outer  extremity  well  rounded. 


radia:  magnified. 
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Close  to  the  apex  the  petals  are  narrow,  and  appear  to  proceed  originally  almost  at 
right  angles  to  the  longitudinal  axis  of  the  test.  They  speedily  take  a  rapid  curve  for- 
ward, and  their  course  is  then  almost  straight  towards  the  margin,  the  apparent 
distance  at  which  they  terminate  therefrom  being  comparatively  small.  The  angle 
enclosed  by  the  anterior  pair  of  petals  is  about  94°.  The  poriferous  zones  are  very  wide 
in  the  median  part  of  the  petal,  but  very  narrow  and  small  near  the  apex,  where  they 
occupy  the  vertical  half  of  the  groove,  and  they  also  diminish  in  size  towards  the  outer 
extremity  of  the  zone.  The  inner  pores  are  oval,  and  the  outer  larger  and  pyriform, 
the  pairs  being  united  by  a  broad  furrow,  and  adjacent  pairs  separated  by  well-defined 
and  keel-like  costa-,  on  which  are  one  or  two  somewhat  irregular  series  of  small 
granules.  The  interporiferous  area  is  nearly  uniform  in  breadth,  except  at  the  apex, 
and  is  narrower  than  the  |>oriferous  zone  at  its  widest  part.  The  ornamentation  con- 
sists of  very  minute,  uniform,  and  widely-spaced  granules.  The  antero-lateral  petals 
measure  28  millim.  from  the  apical  disk  to  their  extremity  (without  calculating  for  the 
curve  at  the  apex),  and  are  G  o  millim.  wide  at  their  broadest  [tart. 

The  jjostcro-lateral  ambulacra  are  three  fourths  of  the  length  of  the  anterior  petals, 
measuring  21  millim.  long  and  o  o  millim.  broad.  They  arc  in  deep  grooves,  similar  to 
those  of  the  anterior  petals,  and  have  a  very  uniformly  broad  character,  the  contraction 
at  the  apex  being  comparatively  slight  and  rapid,  and  the  outer  extremity  being  well 
rounded.  Their  course  from  the  apex  towards  the  margin  is  almost  straight,  and  the 
angle  they  enclose  is  about  62".  Thi;  keel  of  the  anterior  interradia  is  not  remarkably 
high,  but  is  emphasized  by  the  depth  of  the  grooves  of  the  antero-lateral  petal  und  the 
anterior  odd  ambulacrum.  These  interradia  arc  very  thick  and  tumid  at  the  margin, 
and  individual  plates  are  more  or  less  tumidly  protuberant.  The  lateral  interradia  arc 
not  higher  than  the  anterior  interradia,  and  have  the  appearance  of  being  less  carinate, 
although  there  is  a  rather  prominent  protuberance  a  short  distance  from  the  apex,  where 
the  general  surface  of  the  interradium  is  flattened  and  slightly  concavely  depressed.  The 
odd  posterior  interradium  is  narrow  and  prominently  carinate  locally.  It  is  flattened 
close  to  the  apex,  then  occurs  the  protuberance,  and  the  general  area  is  again  flattened 
as  its  breadth  expands  outwards.  Behind  the  protuberance  the  test  slopes  downward 
with  a  steep  incline  to  the  posterior  margin. 

The  periproct  appears  to  have  been  situated  on  the  upper  part  of  the  rounding  of 
the  posterior  margin,  but  only  a  trace  of  its  existence  can  be  made  out,  in  consequence 
of  damage  to  the  whole  of  the  actinal  portion  of  the  test. 

One  fasciolc  only,  which  is  peripetalous  and  embraces  a  large  portion  of  the 
surface.  Passing  near  to  the  extremity  of  the  antero-lateral  petals,  it  sweeps  with 
a  well-rounded  curve  which  runs  parallel  to  the  inner  margin  of  the  groove,  and 
extends  nearly  midway  between  the  extremity  and  the  apex  before  it  is  curved  back- 
ward, to  cross  the  lateral  interradial  area.  Its  course  towards  the  i>osterior  petals  is 
diagonal,  and  still  directed  somewhat  inward.  At  a  considerable  distance  from  the 
margin  of  the  groove  of  the  posterior  petal  it  is  deflected  outward,  ami  commences  the 
well-rounded  sweep  which  passes  near  to  the  outer  extremity  of  the  posterior  petal,  and 
is  then  directed  inward  and  upward  to  cross  the  odd  posterior  interradium  to  join  with 
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the  corresponding  part  of  the  fasciolar  band  from  the  other  Hide.  In  front  the  fasciole 
is  well  rounded  at  the  extremity  of  the  antero-lateral  petals,  and  is  directed  inwards, 
crossing  the  keel  of  the  anterior  intcrradia  with  a  slightly  incurved  course,  and  when 
near  to  the  wide  groove  of  the  odd  anterior  ambulacrum  it  curves  rather  sharply  forwards, 
and  is  then  bent  rather  abruptly  at  right  angles  to  descend  the  groove,  which  it  crosses 
at  the  upper  portion,  or  commencement,  of  the  marginal  tumidity  ;  the  fasciole  conse- 
quently appears  well  remote  from  the  ambitus,  and  is  especially  so  in  the  median  region 
of  the  anterior  interradia. 

The  ornamentation  on  the  abactinal  surface  of  the  test  is  generally  small,  but 
becomes  larger  in  the  lateral  regions  and  in  front,  whilst  at  the  ambitus  in  front  and  on 
the  actinal  surface  there  it  is  remarkably  large  and  well  defined.  The  primary  tubercles 
at  this  place  have  a  small  perforate  mamelon  on  a  comparatively  large,  tumid,  and 
button-shaped  crcnulate  boss,  standing  on  a  circular  disk-like  scrobicule.  The  scrobi- 
cules  are  separated  by  a  single  ring  of  minute  miliary  granules,  which  is  often  incom- 
plete. In  the  plates  baring  tumid  prominences  the  ornamentation  is  usually  smaller 
and  more  crowded  in  the  centre  of  the  raised  portion,  the  size  increasing  gradually  out- 
ward  therefrom. 

Remarks.  This  large  and  handsome  form  is  a  worthy  congener  of  the  species  above 
described.  It  is  readily  distinguished  from//,  apicalis  by  the  different  form  of  the  test, 
by  the  comparatively  low  and  sloping  posterior  region,  by  the  size,  shape,  and  divergence 
of  the  ambulacral  petals,  by  the  different  course  of  the  fasciole,  which  is  also  more 
remote  from  the  margin,  and  by  the  larger  and  more  widely-spaced  tuberculation  on  the 
anterior  part  of  the  test. 

Dimensions.  Length  of  the  test  02  millim.,  breadth  58  millim.,  height  37  millim., 
approximately  (probably  somewhat  higher). 


Locality.  In  the  Khirthar  series  of  strata.  Hilly  ground,  south-east  of  Trak  Hill. 
Survey-number 


Illustration*  of  the  Species  in  Plate  XXXIV. 
Fig.  8.  Abactinal  view  of  the  test :  natural  size. 

9.  Longitudinal  profile  of  the  test :  natural  size. 

10.  Portion  of  the  odd  anterior  ambulacrum :  magnified. 

1 1 .  Portion  of  one  of  the  antero-lateral  petals :  magnified. 


3.  Hemiasteb  carlvatus,  Duncan  <£•  Sladen.    Plate  XXXIV,  Figs.  12-14. 

There  is  a  fragment  of  a  llemiaster  in  the  collection  which  is  sufficiently  preserved 
to  show  characters  of  a  very  remarkable  nature,  and  on  this  account  we  have  ventured 
to  name  it,  although  the  condition  of  the  fossil  unfortunately  does  not  admit  of  a 
complete  diagnosis  of  the  species  being  given. 

The  teBt  was  of  medium  size,  probably  subrotuud  and  very  broad.  Apical  disk 
subcentral,  with  the  test  apparently  sloping  nearly  uniformly  therefrom  on  all  sides. 
The  odd  anterior  ambulacrum  is  situated  in  a  wide  deep  groove.    The  antero-lateral 
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I  n't  u:-  in  wide  and  somewhat  deeper  grooves,  whose  size  and  character  is  emphasized  by 
the  remarkable  carination  of  the  anterior  interradia, — a  sharply  prominent  median  keel 
being  developed,  from  which  the  test  slopes  steeply  down  to  the  groove  on  either  side ; 
whilst  the  individual  plates  of  the  interradium  are  also  subtubcrcularly  prominent 
along  this  line  and  add  considerably  to  the  remarkable  fades  of  the  test.  The  lateral 
interradia  show  the  same  feature  of  carination  along  their  median  line,  but  to  a  less 
degree.  The  odd  posterior  interradium  is  decidedly  convex  and  carinate,  and  its  slopes 
form  a  convex  curve.  The  carinations  of  the  interradia  die  out  as  they  approach  the 
apex,  and  the  apical  disk  is  consequently  only  very  slightly  depressed  below  the  general 
level. 

The  course  of  the  antero-lateral  petals  is  almost  straight  from  the  apex  towards 
the  margin,  and  the  outer  extremity  of  the  groove  is  very  shallow  and  apparently  ill- 
defined.  The  divergence  of  this  pair  of  petals  is  very  wide,  the  angle  subtended  being 
about  11G°-120°.  The  postero-lateral  petals  are  comparatively  long,  measuring  about 
14  millim.,  whilst  the  anterior  pair  are  about  17  millim.  in  length ;  the  general 
characters  in  both  being  similar. 

In  the  odd  anterior  ambulacrum  the  obliquely  placed  pairs  of  pores  are  rather 
wide  apart,  the  inner  pore  being  somewhat  comma-shaped,  the  outer  one  larger,  and 
separated  from  its  companion  by  a  large  and  jwrtly  overhanging  lip-like  tubercle  or 
granule  ;  the  whole  floor  of  the  groove  is  covered  with  small  crowded  granules.  In  the 
antero-lateral  petals  both  the  inner  and  the  outer  pores  arc  long  and  slit-like  and  rather 
wide  apart ;  the  pairs  arc  separated  by  a  very  broad  space  or  band,  which  does  not 
develop  a  ridge-like  keel,  but  bears  usually  two  rows  of  small  uniform  granules,  the  suture 
of  the  plates  being  visible  between  the  two  series,  and  there  is  a  faint  trace  of  a  feebly 
raised  rim  encircling  the  pore-slit.  Near  to  the  apex  the  inner  series  of  pores  are 
almost  aborted. 

The  structure  of  the  apical  disk  is  interesting.  The  anterior  pair  and  the  posterior 
pair  of  generative  pores  arc  cquidistautly  placed,  and  the  posterior  pair  of  ocular  pores 
are  placed  directly  beneath  the  latter,  being  also  at  an  equal  distance  apart,  and  they  are 
separated  by  an  extension  of  the  median  madreporiform  body  ;  there  is  thus  a  regular 
line  of  three  pores  on  either  side  of  the  median  line.  The  anterior  pair  of  ocular  pores 
are  placed  external  to  the  anterior  generative  pores,  with  which  they  form  a  transverse 
line  of  four  pores.  The  odd  anterior  ocular  pore  is  slightly  in  front  of  the  anterior 
generative  pores. 

Traces  of  a  single  narrow  peripetalous  fasciole  arc  present  There  was  no  lateral 
fasciole. 

The  ornamentation  of  the  test  is  comparatively  large,  isolated,  and  remarkably 
well  defined. 

Dimensions.  We  are  unfortunately  unable  to  give  the  usual  measurements  of  the 
test.  The  following  dimensions  may  serve  as  a  guide.  From  the  centre  of  the  apical 
disk  to  the  margin,  along  the  median  line  of  the  anterior  interradium,  about  25  millim. ; 
from  the  centre  of  the  apical  disk  to  the  margin,  along  the  median  line  of  the  postero- 
lateral interradium,  about  30  millim. 

2d2 
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Locality.  In  the  Khirthar  series  of  strata.  On  the  road  about  four  miles  west  of 
Kotri.    Survey-number  °,~ifs. 

Illustrations  of  the  Species  in  Plate  XXXIV. 

Fig.  12.  Abactinal  view  of  the  test :  natural  size. 

13.  Portion  of  the  odd  anterior  ambulacrum  :  magnified. 

14.  Portion  of  one  of  the  antero-lateral  petals:  magnified. 

4.  Hemustek  dioonl'S,  (TArchiac,  sp.    Plate  XXXV,  Figs.  4-9. 

This  small  and  well-characterized  form  is  very  numerous  in  the  white  chalky  saline 
limestone,  on  the  Baran  river,  near  Kotri.  Although  the  collection  contains  a  great 
number  of  specimens  the  largest  does  not  exceed  22  millim.  in  length ;  and  owing 
either  to  considerable  decay  prior  to  fossilization,  or  more  probably  to  some  chemical 
action  induced  by  the  nature  of  the  deixisit,  comparatively  little  structure  is  preserved, 
notwithstanding  that  the  specimens  at  first  sight  appear  to  come  well  from  the  matrix 
and  would  be  taken  for  well-preserved  examples. 

We  are  fortunately  able  to  add  to  the  description  given  by  ilM.  d'Archiac  and 
llaime  (op.  cit.  p.  220)  a  notice  of  the  peripetalous  fasciole,  which  we  have  succeeded 
in  tracing  in  several  examples  completely,  and  more  or  less  so  in  the  majority  of 
specimens  before  us.  It  is,  however,  very  indistinct  and  difficult  to  make  out.  Its 
course  is  very  rotund,  devoid  of  any  reentering  sinuosities,  and  it  passes  at  a  low 
level  anteriorly  across  the  anterior  sulcus.  Its  relation  to  the  petaloid  ambulacra  is 
shown  in  fig.  7. 

In  general  form  this  species  presents  considerable  resemblance  to  that  of  Schi- 
zaster  thebensis,  de  Loriol ;  the  resemblance,  however,  being  only  so  far  as  the  character 
of  the  outline  is  concerned. 

In  examining  a  large  scries  of  specimens,  it  seems  to  us  that  the  form  of  the 
test  is  generally  more  inflated  at  the  sideq  and  higher  in  the  odd  posterior  inter- 
radium  than  in  the  figures  given  of  this  species  in  the  ■  Animaux  fossiles.'  There  is, 
however,  a  considerable  amount  of  variation  in  this.  Considerable  variation  also  exists 
in  the  degree  of  the  posterior  excentricity  of  the  apical  disk  and  likewise  in  the 
width  of  the  anterior  groove.  We  have  drawn  in  fig.  8  an  example  in  which  the 
groove  of  the  odd  anterior  ambulacrum  is  remarkably  wide  and  trough-like,  the  inner 
portion  of  the  anterior  interradia  being  reduced  to  high  angular  keels.  Fig.  9  shows 
a  small  example  in  which  the  apical  disk  is  pushed  backward  to  an  extreme  degree, 
the  small  posterior  petals  appearing,  when  seen  from  above,  to  be  situated  on  the 
sloping  curve  of  the  posterior  extremity. 

Localities.  In  the  Khirthar  series : — 

i.  Boldri  Bridge,  on  the  Baran  rivers,  south-west  of  Kotri.    Survey-number  u  if?. 

ii.  Three  or  four  miles  south-south-east  of  Meting.  Survey-number  fj^.  (A  single 
badly  preserved  specimen.) 
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iii.  Twelve  miles  east  of  Kamlaira.  Survey-number  m  .  (Two  specimens  so 
much  crushed  and  obscured  as  to  be  almost  unrecognizable.  Possibly  they  may 
represent  a  variety.) 

Illustrations  of  the  Species  in  Plate  XXXV. 

Fig.  4.  Abactinal  view  of  the  test :  natural  size. 

5.  Actinal  view  of  the  test:  natural  size. 

6.  Longitudinal  profile  of  the  test:  natural  size. 

7.  A  portion  of  the  abactinal  surface,  to  show  the  apical  disk,  the  ambulacral 

petals,  and  the  fasciole :  magnified. 

8.  Abactinal  view  of  a  test  with  very  broad  anterior  groove :  natural  size. 

9.  Abactinal  view  of  a  test  with  apical  disk  very  excentric  posteriorly :  natural 

size. 

6.  HKM1A8TKE,  sp    Plate  XXXV,  Figs.  25  &  26. 

There  is  in  the  collection  a  single  specimen  of  a  small  subglobular  test  which 
we  refer  to  Hemiaster  ;  but  the  fossil  is  so  badly  preserved  and  obscured  with  matrix 
that  even  the  generic  determination  is  doubtful.  It  is  certainly  distinct  from  any  of 
the  other  Indian  species,  and  on  this  account  we  have  included  this  very  unsatisfactory 
specimen  on  Plate  XXXV.  The  marginal  contour  is  suboval  or  subglobular,  with  the 
anterior  margin  moderately  indented  by  the  anteal  sulcus,  and  the  lateral  portions  of 
the  test  very  tumid ;  the  posterior  extremity  is  roundly  truncate,  and  when  seen  in 
longitudinal  profile  is  high  and  almost  vertical,  the  pcriproct  being  situated  near  the 
summit  of  the  extremity.  The  lateral  portions  of  the  test  are  high  and  tumid, 
both  laterally  and  dorsally.  The  odd  posterior  interradium  is  likewise  tumid  in  the 
latter  region.  Traces  of  a  peripetalous  fasciole  are  discernible,  but  the  test  is  too 
much  destroyed  by  weather-action  for  any  statement  respecting  the  presence  or  absence 
of  other  fascioles  to  be  made.    Xo  other  details  of  structure  or  form  can  be  observed. 

Dimensions.  Length  of  the  test  24  millim.,  breadth  22  5  millim.,  height  17 
millim. 

Locality.  In  the  Khirthar  series.  Twenty-four  miles  west  of  Kotri  (entering  the 
Hills  on  the  road  to  Bula  Khans  Thana).  Survey-number 

Illustrations  of  the  Species  in  Plate  XXXV. 

Fig.  25.  Abactinal  view  of  the  test :  natural  size. 
2C.  Actinal  view  of  the  test :  natural  size. 

6.  Hemiaster,  sp. 

There  is  another  test  of  a  small  Kchinoid  in  a  very  bad  state  of  preservation  which 
we  refer  to  this  genus.  The  marginal  contour  has  some  resemblance  to  that  of  the 
preceding  specimen,  but  the  form  is  abactinally  much  more  depressed.    In  general 
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outline  it  resembles  to  a  certain  extent  //.  ditjonus,  but  is  devoid  of  the  deep  an  teal 
sulcus  of  that  species,  and  is  much  more  tumid  on  the  lateral  portions  of  the  dorsal 
surface.  Faint  indications  of  a  peripetalous  fasciole  may  be  seen ;  and  there  are  no 
traces  of  any  lateral  fasciole  present.  The  condition  of  the  specimen  is  such  that  a 
description  is  impossible  ;  and  it  is  quite  unfitted  for  illustration. 

Length  of  the  test  21o  millim.,  breadth  21  millim.,  height  about  14-5  millim. 

Locality.  In  the  Khirthar  series.    Karra  range,  south  of  Trak.  Survey-number 

o  »n 

7.  Hemiastkb,  sp. 

There  is  a  greatly  broken  fragment  from  the  white  chalky  limestone  of  the  Baran 
river  of  a  fine  and  handsome  species  of  Ilemiaster.  Unfortunately  only  a  portion  of 
the  test  remains,  and  the  greater  jwrt  even  of  tins  is  cither  broken  or  obscured  by 
matrix,  ^'e  have  succeeded  in  exposing  a  part  of  the  anterior  region,  which  shows  the 
outer  part  of  the  odd  anterior  and  right  anterior  lateral  petals.  This  and  n  portion  of  the 
lateral  region  of  the  test  are  all  that  are  available  for  observation,  and  the  condition  is 
such  that  no  intelligible  drawing  can  be  given.  Judging  from  what  can  be  seen  of  the 
marginal  contour,  of  the  characters  of  the  anterior  interradia,  and  of  the  course  of  the 
peripetalous  fasciole,  the  fragment  presents  the  closest  affinity  to  Ilemiaster  apicalis, 
described  on  a  preceding  page.  The  anterior  pair  of  petals,  however,  have  the  extre- 
mity of  the  groove  more  fully  rounded,  the  margins  appear  to  be  straighter  and  more 
parallel,  and  their  angle  of  divergence  is  smaller  than  in  that  species,  the  character  of 
the  petals  as  a  whole  being  much  nearer  to  //.  nobilis.  Notwithstanding  this  we  are 
very  strongly  inclined  to  regard  the  form  in  question  as  a  young  or  medium-sized 
example  of  //.  apicalis;  but  as  doubt  obviously  exists  from  the  very  unsatisfactory  and 
indeterminable  nature  of  the  fragment,  and  as  any  observation  upon  the  character  of 
the  apical  region  of  the  test  and  of  the  odd  posterior  interradium  is  impossible,  we 
refrain  from  ranking  it  definitely  with  that  species,  until  a  further  supply  of  material  is 
available  for  study. 

The  test,  of  which  the  present  fossil  is  a  fragment,  was  originally  about  49  millim. 
in  length. 

Locality.  In  the  Khirthar  series  of  strata.  Boldri  Bridge,  on  the  Baran  rivers, 
south-west  of  Kotri.    Survey-number  *^>. 

Oentu  BRISSOPSIS,  Agassiz,  1847. 

Test  oval  or  oblong,  subeordiform,  having  the  anterior  margin  indented  by  the 
anteal  sulcus,  more  or  less  inflated  at  the  margins  and  on  the  abactinal  surface ;  actinal 
area  frequently  more  or  less  convex. 

Apical  disk  compact,  subcentral  or  excentric  in  front. 

Paired  ambulacra  petaloid,  subequal,  in  shallow  furrows,  more  or  less  curved. 
The  anterior  pair  widely  divergent,  the  posterior  pair  more  closely  approximated.  The 
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two  lateral  petals  on  either  side  of  the  test  usually  forming  two  more  or  less  definite 
arcs  which  touch  at  their  convexity  at  the  apical  disk.  Poriferous  zones  equal,  very 
wide  ;  pore*  equal  or  subequal.  The  anterior  zone  of  the  anterior  petals  and  posterior 
zone  of  the  posterior  petals  having  some  pores  atrophied  at  the  apical  extremity.  The 
odd  anterior  ambulacrum  is  placed  in  a  shallow  sulcus ;  its  poriferous  zones  are  composed 
of  simple  minute  |tairs  of  pores,  widely  spaced. 

Peristome  bilabiate,  execntric  in  front. 

Periproct  oval,  on  the  posterior  extremity. 

Two  fascioles :  a  peripctalous  one,  more  or  less  sinuous,  which  surrounds  the  petals 
and  approaches  the  anterior  margin ;  a  subanal  fasciole,  which  is  complete. 

Tubercles  perforate  and  crenulate,  small  on  the  upper  surface ;  larger  and  more 
widely  spaced  below  the  ambitus,  especially  in  the  anterior  region  and  on  the  actinal 


1.  BBinorsiB  sufflatus,  Duncan  <£  Sladen.    Plate  XXXV,  Figs.  17-24. 

Test  of  medium  size.  Marginal  contour  elongate,  elliptical,  greatest  breadth  across 
the  middle,  converging  equally  anteriorly  and  posteriorly,  narrow  in  front,  with  the  anterior 
margin  widely  and  rather  deeply  indented  by  the  anterior  groove,  truncate  posteriorly. 
The  greatest  breadth  is  rather  less  than  three  fourths  of  the  length,  or  in  the  proportion 
of  0  73  :  1.  The  dorsal  surface  is  subdeprcssed,  very  tumid  in  the  interradia,  and  the 
margins  are  thick  and  tumid.  When  seen  in  longitudinal  profile  the  dorsal  surface 
has  a  remarkable  appearance,  presenting  three  convex  undulations,  which  represent  the 
outline  of  the  interradia — the  median  undulation  formed  by  the  lateral  interradia  being 
rather  higher  than  the  anterior  undulation,  and  the  posterior  undulation  being  a  little 
higher  than  the  lateral  (median)  undulation.  The  greatest  height  of  the  test  conse- 
quently lies  near  the  posterior  extremity  of  the  test,  and  when  measured  from  the 
culminating  point  of  the  actinal  plastron  to  the  highest  part  of  the  odd  posterior 
interradial  convexity,  is  less  than  half  the  length,  or  in  the  proportion  of  0-45  :  1. 
The  actinal  surface  is  rather  fiatly  convex,  being  well  rounded  to  the  margin,  and  is 
characterized  by  the  presence  of  a  sharp  angular  keel  or  ridge,  which  extends  aloug 
the  median  longitudinal  line  of  the  test  from  the  peristome  to  the  culminating  point 
of  the  plastron,  the  height  increasing  as  it  approaches  this  point;  the  test  then 
sharply  diminishes  with  a  precipitous  slope,  which  terminates  abruptly  at  the  posterior 
truncation. 

Apical  disk  excentric  in  front.  The  posterior  pair  of  generative  pores  rather 
wider  apart  than  the  anterior  pair ;  and  the  posterior  pair  of  ocular  plates  separated  by 
the  prolongation  of  the  central  madrcporiform  body.  The  groove  of  the  odd  anterior 
ambulacrum  is  wide  but  very  shallow,  and  appears  to  mount  the  convexity  of  the  test 
which  intervenes  between  the  apical  disk  and  the  anterior  margin  ;  it  is  deepest  just 
above  the  ambitus,  where  the  indentation  of  the  anterior  margin  is  well  defined,  but  its 
continuation  on  the  actinal  surface  towards  the  peristome  becomes  very  faint.  The 
poriferous  zones  are  straight  and  rather  near  together,  the  pores  being  very  minute  and 
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sunken  in  small  cavities,  which  simulate  a  uniscrial  line  of  single  pores,  placed  wide 
apart. 

The  antero-latcral  petals  arc  situated  in  wide  and  rather  deep  cavities ;  they  are 
widely  divergent,  subtending  an  angle  of  about  120 ',  and  have  a  slightly  arched 
apjwarance,  in  consequence  of  the  curvature  of  the  anterior  zone,  which  is  bent  con- 
vexly  forwards,  whilst  the  posterior  zone  is  comparatively  straight.  The  posterior  petals 
are  rather  longer  than  the  anterior  pair,  they  are  slightly  curved,  with  concavity 
forwards  and  outwards,  and  the  inner  margins  of  the  two  petals  arc  very  near  together 
for  quite  half  their  length.  The  odd  posterior  interradial  space  is  a  narrow  wedge- 
shaped  strip,  which  presents  scarcely  any  tumidity  on  the  inner  part  of  the  area ;  the 
character  developing  gradually,  however,  and  culminating  in  the  region  external  to  the 
petals.  The  cavities  in  which  the  posterior  petals  are  lodged  are  scarcely  so  deep  as 
those  of  the  anterior  petals  ;  and  the  curvature  of  the  respective  petals  gives  a  decided 
suggestion  of  a  semicircular  arch  formed  by  the  union  of  the  anterior  and  posterior 
lateral  petals. 

The  poriferous  zones  of  the  petaloid  ambulacra  have  their  pores  large,  oval  or 
comma-shaped,  with  the  pores  of  a  pair  rather  wide  apart  and  united  by  an  indistinct 
groove ;  a  rather  broad  strip  occurs  between  neighbouring  pairs,  but  no  keel  is  formed, 
though  its  position  is  occupied  by  a  single  row  of  small  uniform  granules  borne  on  the 
aboral  margin  of  the  ambulacral  plate.  The  interporiferous  area  is  extremely  narrow, 
its  width  being  less  than  the  distance  which  separates  the  pores  of  a  pair.  The  four  or 
five  pairs  of  pores  near  the  apical  extremity  of  the  anterior  zone  of  the  antero-lateral 
petals,  and  the  seven  or  eight  similar  pairs  of  the  posterior  zone  of  the  postero-lateral 
petals  are  much  aborted  and  reduced  in  size. 

The  posterior  ambulacral  areas  on  the  actinal  surface  are  very  wide  and  naked,  and 
they  bound  the  prominently  keeled  actinal  plastron. 

The  peristome  is  large  and  excentric  in  front,  its  position  being  about  equidistant 
from  the  anterior  and  lateral  margins  of  the  test.  The  anterior  margin  of  the  aperture 
is  semicircular,  and  the  posterior  lip  is  prominent  and  more  or  less  keeled. 

The  periproct  is  very  large,  subcircular  in  form,  and  situated  at  the  summit  of  the 
[wsterior  truncated  extremity.  The  inferior  portion  of  this  extremity  is  slightly 
depressed  beneath  the  periproct,  forming  a  faint  concavity  which  gives  emphasis  to 
the  rather  abrupt  separation  from  the  subanal  plastron,  the  plane  of  which  stands  at  au 
angle  between  the  anal  plastron  on  the  one  hand  and  the  posterior  extremity  on  the 
other.  The  ornamentation  of  the  concavity  beneath  the  periproct  is  devoid  of  any 
large  tubercles.  The  ornamentation  of  the  subanal  plastron  is  very  small  on  the  side 
adjacent  to  this  concave  area,  and  increases  gradually  in  size  as  it  recedes  from  it 
and  approaches  the  actinal  plastron. 

Two  fascioles  are  present  on  the  test,  the  peripetalous  and  the  subanal.  The 
peripetalous  fasciole  is  very  sinuous  and  fiddle-shaped  ;  it  crosses  the  anteal  sulcus  with 
a  wide  sweep  just  above  the  rounding  of  the  margin,  traverses  the  central  portion  of  the 
anterior  interradia  obliquely,  and  on  the  posterior  column  of  this  area  is  sharply  bent 
inwards  nearly  at  a  right  angle,  but  is  almost  immediately  again  abruptly  deflected, 
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and  thence  sweeps  round  the  antero-lateral  petal  with  a  well-rounded  curve ;  the 
course  then  curves  with  a  re-entering  sweep  across  the  lateral  interradia  and  runs 
nearly  parallel  with  the  median  longitudinal  line  of  the  test  until  it  is  abruptly 
rounded  at  the  extremity  of  the  postcro-lateral  petal,  and  thence  proceeds  at  right  angles 
to  its  previous  course  across  the  odd  posterior  interradium. 

The  subanal  fasciole  is  large,  reniform,  and  bounds  the  subanal  plastron;  its 
incurved  margin  forms  the  line  of  separation  between  the  vertical  posterior  extremity 
and  the  inclined  subanal  plastron,  whilst  the  adoral  or  convex  margin  separates  the 
subanal  and  the  actinal  plastron,  the  dcej>est  part  of  the  curve  passing  through  the  culmi- 
nating point  or  yieak  of  the  actinal  longitudinal  ridge.  Three  or  four  pairs  of  ambu- 
lacral  pores  are  included  within  the  fasciole  on  either  side  of  the  subanal  plastron. 

The  ornamentation  of  the  test  consists  of  large  primary  tubercles  having  a  small 
perforate  mamelon  on  a  large,  button-shaped,  and  granularly  crenulated  boss,  placed 
on  a  circular  disk-like  scrobicule  ;  and  with  a  few  minute  and  uniform  granules  irregu- 
larly dispersed  between  neighbouring  scrobicules.  The  primary  tubercles  are  very  small 
on  the  abactinal  surface  generally,  but  are  large  on  the  actinal  surface,  especially  on 
the  anterior  part  of  the  test  and  at  the  margin.  In  these  regions  it  not  unfrequently 
happens  that  one  edge  of  the  scrobicular  disk  is  raised,  forming  a  small  semicircular 
embankment,  the  remaining  portion  of  the  disk  being  apparently  aborted. 

Remarks.  The  nearest  ally  of  this  species  is  probably  lirissopsis  Jimenoi,  Cotteau, 
from  the  Miocene  of  Cuba.  The  Indian  species,  however,  is  readily  distinguished  by 
its  more  elongate  and  more  depressed  form,  by  its  anteriorly  excentric  apical  disk,  by 
the  different  form  of  the  peripetalous  iasciolc,  and  by  the  prominent  and  peak-like 
culminating  point  of  the  actinal  plastron. 

The  form  appears  to  be  very  constant,  and  young  examples  18  millim.  in  length 
have  all  the  characters  of  the  adult  stage.  The  test,  however,  is  relatively  narrower 
and  more  elongate  in  small  specimens,  and  the  greatest  breadth  is  near  the  anterior 
extremity,  and  the  posterior  portion  of  the  test  is  more  contracted  than  in  the  larger 
specimens.  The  latter  embryonic  character  is  most  marked  in  the  smallest  example  we 
have,  which  measures  12  millim.  in  length. 

Dimensions. 

Length  of  the  test  .  .  . 
Breadth  of  the  test  .  .  . 
Height  of  the  test   .    .  . 

Locality.  In  the  Khirthar  series  of  strata.  Lowest  scarp  under  Karothur  hill, 
eight  miles  east-north-east  of  Jungshahi  (at  the  base  of  the  group).  Survey-numbei 

0  290 
11*  ' 

Illustrations  of  t  fie  Species  in  Plate  XXXV. 

Fig.  17.  Abactinal  view  of  the  test :  natural  size. 
18.  Actinal  view  of  the  test:  natural  size. 
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Fig.  19.  Longitudinal  profile  of  the  test:  natural  size. 

20.  A  portion  of  the  abactinal  surface,  to  show  the  apical  disk  and  the 

ambulacral  petals:  magnified. 

21.  Abactinal  view  of  the  test  of  a  young  example  :  natural  size. 

22.  Actinal  view  of  the  same  test :  natural  size. 
28.  Longitudinal  profile  of  the  same :  natural  size. 

24.  A  portion  of  the  abactinal  surface  to  show  the  apical  disk  and  the 
ambulacral  petala  of  the  young  specimen :  magnified. 

Genus  MET  ALIA,  Gray,  1855. 

Test  oval,  with  the  margin  slightly  indented  anteriorly  by  the  antcal  sulcus,  and 
more  or  less  truncate  posteriorly.  Abactinal  surface  arched  direct  from  the  margin, 
which  is  thin  and  well  rounded,  the  actinal  surface  being  more  or  less  flat. 

Apical  disk  compact,  excentric  in  front. 

Paired  ambulacra  petaloid,  usually  subequal,  in  very  shallow  grooves,  which  are 
straight  from  the  apex  towards  the  margin.  The  anterior  pair  very  widely  divergent, 
nearly  horizontal,  the  posterior  pair  much  less  so.  Poriferous  zones  wide,  equal ; 
pores  equal,  wide  apart,  distinctly  conjugate;  the  immediate  apical  portion  of  the 
zones  somewhat  atrophied,— the  anterior  zones  of  the  anterior  petals  and  the  posterior 
zones  of  the  posterior  petals  more  than  the  companion  zones.  The  odd  anterior 
ambulacrum  in  a  very  shallow  sulcus;  its  poriferous  zones  composed  of  minute  pairs 
of  pores,  obliquely  placed  and  widely  spaced. 

Peristome  bilabiate,  excentric  in  front. 

Periproct  subrotund,  on  the  posterior  extremity. 

Two  fascioles — peripetalous  and  subanal.  The  peripetalous  slightly  sinuous,  and 
extending  to  the  anterior  margin  ;  the  interradia  within  its  boundary  often  with  some 
large  and  widely  spaced  tubercles.  The  subanal  fasciolc  is  large,  subreniform,  and 
complete. 

Tubercles  very  small  and  crowded  on  the  abactinal  surface,  large  and  well-spaced 
on  the  actinal. 

1.  Metalia  Sowekbyi,  <TArchiac,  sp.    Plate  XXXV,  Figs.  10-16. 

Brinnopgig  Sowurbyi,  (CArthiac  (1850),  Jfist.  da pnxjrrs  <U  la  Oiti.  t.  iii.  p.  261. 

lirissopsu  ?  Sowerbyi,  9JMHm  «j  ffainu  (ISM),  Dttcrip.  An.fou.  d<  CIhcU,  p.  220,  pi.  it,  fig!.  7a,  b. 
The  following  is  the  diagnosis  of  this  species  given  by  MM.  dArchiac  and 
Haime: — 

Body  slightly  elongate,  expanded  laterally  in  the  median  region,  rather  high, 
especially  in  front ;  apex  situated  nearly  at  the  anterior  third  of  the  major  diameter  ; 
four  generative  pores  closely  approximated,  the  posterior  the  largest ;  the  four  ocular 
poreB  very  distinct;  the  odd  anterior  ambulacrum  forming  an  expanded  groove, 
tolerably  pronounced  and  bounded  on  each  side  by  a  rather  thick  subgibbous  carina- 
tion.   The  petaloid  ambulacra  are  grooved,  straight,  narrow,  of  medium  size ;  the 
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lateral  nearly  as  long  as  the  posterior  ;  the  pores  large,  rather  closely  placed ;  poriferous 
zones  costulate,  a  little  broader  in  the  lateral  than  in  the  posterior  petals,  and  with 
their  interporiferous  area  narrower ;  some  small  isolated  tubercles  on  the  margins  of 
the  ambulacra  ;  the  peripetalous  fasciole  subpcntagonal,  scarcely  sinuous,  touching  the 
extremity  of  the  petals.  Lateral  interambulacral  areas  a  little  broader  than  the 
anterior  and  the  posterior,  all  a  little  prominent  in  the  neighbourhood  of  the  summit. 
Anus  marginal ;  periproct  rounded  1  Inferior  disk  almost  flat,  very  feebly  inflated  in 
front  of  the  anus ;  mouth  situated  at  the  anterior  two  fifths  of  the  major  axis  ;  peristome 
transversely  elongate  and  strongly  labiate,  surrounded  with  a  distinct  floscelle  of 
ambulacral  pores,  simple  for  the  most  part.  On  the  abactinal  surface  some  large 
granules  may  be  seen,  and  those  on  the  actinal  interambulacral  areas  are  still  larger. 
The  largest  individual  observed  was  3£  centimetres  in  length,  a  little  more  than  3  centi- 
metres broad,  and  a  little  less  than  2  centimetres  high.  A  flatter  variety  was  only 
1  centimetre  in  height  and  2|  centimetres  long. 

To  this  description  we  may  add  that  a  large,  complete,  and  wcll-devclopcd  subanal 
fasciole  is  present,  of  wide  extent,  and  circumscribing  a  subreniform  area  on  the 
rounded  margin,  which  joins  the  actinal  surface  and  the  posterior  extremity.  The 
course  of  this  fasciole  beneath  the  periproct  is  deeply  reentering,  and  the  opposite  part 
of  the  fasciole  where  it  passes  the  hindermost  part  of  the  actinal  plastron  is  more  or 
less  incurved,  which  causes  the  fasciole  to  approach  somewhat  the  outline  of  the 
figure  8-  About  five  or  six  pairs  of  minute  pores  are  present  on  either  side  of  the 
subanal  plastron  within  the  fasciole.  The  course  of  the  peripetalous  fasciole  is  not 
correctly  shown  in  d'Archiac  and  Hainie's  drawing  (op.  cit.  plate  xv,  fig.  7);  a 
slight  but  abrupt  bend  being  present  both  in  the  lateral  and  the  anterior  interradia 
(although  one  or  both  of  these  may  frequently  be  absent  on  either  side),  and  the  fasciole 
does  not  pass  forwards  over  the  margin,  as  the  figure  would  lead  one  to  suppose.  The 
larger  primary  tubercles  which  are  present  on  the  interradia  within  the  peripetalous 
fasciole  are  not  regularly  disposed  along  the  margins  of  the  grooves  of  the  petaloid 
ambulacra  as  represented  in  the  figure  and  the  description ;  they  have  a  much  more 
distributed  appearance,  and  sometimes  two  or  three  are  together  in  irregular  horizontal 
series.  On  either  side  of  the  groove  of  the  odd  anterior  ambulacrum  each  plate  has  a 
wedge-shaped  group  of  larger  tubercles,  the  largest  being  nearest  to  the  groove,  and 
those  external  to  them  becoming  gradually  smaller.  On  the  actinal  and  anal  plastrons 
the  ornamentation  diminishes  in  size  towards  the  slightly  prominent  culminating  point 
at  the  posterior  extremity  of  the  actinal  plastron  ;  and  the  tubercles  are  arranged  in 
lines,  more  or  less  distinctly  traceable,  which  radiate  from  this  point. 

There  are  a  number  of  young  specimens  in  the  collection,  which  accord  in  all 
particulars  with  the  adult  form  ;  the  smallest,  which  measures  17  millim.  in  length, 
is  figured  in  Plate  XXXV. 

Remarks.  The  generic  diagnosis  given  above  sufficiently  indicates  the  grounds  on 
which  we  have  removed  this  species  from  the  genus  Iirissoi>sis,m  which  it  was  originally 
placed  by  d'Archiac  and  Haiine.  The  shape  of  the  test,  with  the  upper  surface 
arching  direct  from  the  margin  (which,  though  rounded,  is  thin  and  not  tumid),  together 
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with  the  flat  actinal  surface,  present  a  facies  widely  different  from  that  of  Urissopms. 
The  character  of  the  ambulacral  petals  is  different ;  and  the  form  of  the  peripetalous 
fasciole  appears  to  be  more  simple.  The  drawings  of  the  species  given  in  the  *  Animaux 
fossiles  '  are  not  good,  and  appear  to  have  misled  Desor  to  place  the  form  in  the 
genus  Prenaster,  an  error  which  has  been  subsequently  repeated  by  de  Loriol. 

Variations.  In  examining  a  large  number  of  specimens  from  different  localities  a 
considerable  amount  of  variation  may  be  observed.  This  chiefly  affects  the  form  of 
the  test  only ;  and  although  the  modified  characters  may  possibly  have,  to  a  certain 
extent,  a  local  significance,  we  do  not  consider  that  they  demand  any  further  recognition 
than  a  notice  of  their  occurrence,  as  intermediate  connecting-links  with  a  central  type- 
form  may  readily  be  traced.  The  extremes  of  this  range  of  variations  may  be  said  to 
be: — (1)  a  form  in  which  the  breadth  is  greater  and  the  height  is  less  in  proportion 
to  the  length  of  the  test  than  in  the  central  type — the  result  being  a  comparatively 
depressed  and  more  rotundly  oval  form  ;  and  (2)  a  form  in  which  these  proportions  are 
reversed,  the  breadth  being  less  and  the  height  being  greater  in  relation  to  the  length, 
the  general  aspect  of  the  test  being  consequently  more  elongate,  with  the  abactinal 
surface  higher  and  more  arched  or  subconoid  in  character  when  seen  in  profile.  The 
wider  and  more  rotund  variety  is  usually  of  larger  size,  and  appears  to  be  abundant  at 

the  collecting-stations  designated  with  the  Survey-numbers  a,jj°  and  whilst  the 

more  elongate  and  higher  form  seems  to  be  best  represented  at  station  a,'f°. 
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millim. 

millim. 
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millim. 

millim. 

millim. 

Length  of  the  test 

.  34 

34 

32-5 

32-5 

30 

245 

17 

Breadth  of  the  test 

.  31-5 

30-5 

80'S 

28-5 

26 

22 

14 

Height  of  the  teat 

.  19-5 

15-5 

16 

15 

17 

14 

8-76 

Localities.  In  the  Khirthar  series  of  strata : — 

i.  Lowest  scarp  under  Karothur  hill,  eight  miles  east-north -east  of  Jungshahi  (at 
the  base  of  the  group).    Survey-number  lls  . 

ii.  East  of  Jungshahi.  Survey-number 

iii.  Three  or  four  miles  south-south-east  of  Meting  (at  base  of  the  scarp).  Survey- 
number  f£ 

iv.  Five  miles  east-fifteen-north  of  Ghatana  Trig  Station,  near  Jhimpur.  Survey- 
number 

v.  Aongar  hill  scarp,  east  of  Meting  Railway-Station.    Survey-number  -jj^. 

vi.  Limestone  ridge,  three  or  four  miles  south  of  Band  Vera.  Survey-number 

G280 
•  w  • 

vii.  North  by  east  of  Meting.    Survey-number  ,M  . 
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viii.  On  the  Railway  six  miles  south  of  Bolari.    Survey-number  tti-. 

ix.  Picked  up  at  Aongar  hill,  north  of  Jhirak  (near  the  base  of  the  group). 
Survey-number  a£. 

Illustrations  of  tfie  Species  in  Plate  XXXV. 
Fig.  10.  Abactinal  view  of  the  test:  natural  size. 
]  1.  Actinal  view  of  the  test :  natural  size. 

1 2.  Longitudinal  profile  of  the  test :  natural  size. 

13.  A  portion  of  the  abactiual  surface,  to  show  the  apical  disk  and  ambulacra 

magnified. 

14.  Abactinal  view  of  the  test  of  a  young  specimen  :  natural  size, 
lo.  Actinal  view  of  the  same:  natural  size. 

L6.  Longitudinal  profile  of  the  same :  natural  size. 

2.  Metalia  scttipormis,  d'Archiac,  sp.    Plate  XXXVI,  Figs.  1-5. 

Briiaopnii  scutiformiH,  d'Arthiac  (1S."»I»>,  Mitt.  <ir*  prvjrei  tit  la  Ucot.  t.  iii.  p.  1251. 

Bri*wpsi»  ?  soiliformiB.  'fArrAiac  $  llaimt  (1*.j3>,  [k*cri,,.  An.fou.  ,U  rjndt,  p.  219,  pi.  xv,  fig*.5a,i. 

MM.  d'Archiac  and  Haime  diagnosed  the  single  specimen  of  this  species  known 
to  them  as  follows : — 

Body  depressed,  scarcely  longer  than  broad,  slightly  expanded  laterally  in  the 
median  region,  a  little  more  elevated  behind  than  in  front,  subbilobed  anteriorly, 
feebly  truncate  posteriorly ;  apical  disk  almost  central,  odd  anterior  ambulacrum  forming 
a  wide  and  tolerably  well-defined  groove,  granulated,  pores  distinct ;  petaloid  ambu- 
lacra straight,  narrow,  tolerably  large  and  sulciform,  the  lateral  petals  longer  and  more 
excavated  than  the  posterior;  poriferous  zones  tolerably  broad,  distinctly  straight, 
subeostulate,  twice  as  broad  as  the  interporiferous  area ;  pores  very  large  and  closely 
placed ;  jK'ri|>etalous  fasciole  scarcely  sinuous,  and  then  only  a  little  in  front,  rather 
irregular,  touching  the  extremity  of  the  petals.  Lateral  interambulacral  areas  much 
broader  than  the  anterior,  and  especially  than  the  posterior.  Anus  marginal ;  periproct 
large,  rounded,  a  little  higher  than  wide.  Inferior  disk  almost  flat,  inflated  along  the 
median  line  in  front  of  the  anus ;  mouth  situate  at  four  elevenths  of  the  major  diameter 
from  the  anterior  margin  ;  peristome  subelliptical ;  some  peristomial  ambulacral  pores 
are  noticeable.  The  only  individual  known  was  much  rubbed ;  its  length  is  a  little 
more  than  5  centimetres ;  its  breadth  3  or  4  millim.  less,  and  its  height  2  centimetres. 

No  mention  is  made  by  d'Archiac  and  llaime  of  the  large,  complete,  reniform 
subanal  fasciole,  enclosing  about  ten  pairs  of  pores  on  either  side  of  the  subanal 
pastron,  and  with  very  well-defined  radiating  lines  of  tubercles  in  relation  to  the  pores, 
with  which  this  species  is  ornamented.  The  outline  of  the  peripetalous  fasciole  is  very 
incorrectly  represented  in  the  figure  given  in  the  4  Animaux  fossiles '  (plate  xv,  fig.  5  a). 
This  fasciole  really  passes  in  a  straight,  unflexed  line  diagonally  across  the  anterior 
interradia,  and  is  bent  with  a  sharp  angle  at  the  extremity  of  the  antero-lateral  petal ; 
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after  passing  inward  for  some  distance  it  is  then  abruptly  bent  to  follow  a  line  parallel 
with  the  margin  of  the  petal,  and  this  course  is  continued  until  near  the  inner  third  of 
the  petal,  when  the  fascinlc  is  bent  sharply  backwards  to  cross  the  luteral  interradia, 
passing  finally  round  the  extremity  of  the  posterior  petal  and  across  the  odd  posterior 
interradium. 

Remarks.  Although  there  are  a  number  of  examples  of  this  species  in  the 
collection  from  different  localities,  not  a  single  one  unfortunately  is  well-preserved,  and 
nearly  all  are  greatly  weather-worn  and  damaged.  We  are  consequently  unable  to  add 
anything  further  to  the  foregoing  observations.  The  species  is  readily  distinguishable 
from  its  near  ally  M.  Sowerbyi  by  the  different  form,  and  in  having  the  posterior  part 
of  the  test  higher  than  the  anterior,  by  the  different  proportions  of  the  petaloid 
ambulacra,  and  by  the  different  form  of  the  peripetalous  fasciole,  which  is  deeply 
reentrant  in  the  lateral  interradia  and  unbent  in  the  anterior  interradia.  A  young 
example  18-5  millim.  long  exhibits  all  the  characters  of  the  larger  specimens.  It  is  of 
interest  to  remurk  that  in  no  case  hitherto  have  M.  Sowerbyi  and  M.  scuti/ormis  been 
found  associated  at  the  same  locality. 


Dimensions. 


Length  of  the  test 

n. 

millim. 
,  4G-48 

b.  t. 

millim.  millim. 
i'2  415 

* 

millim 

41 

e. 

millim. 

40 

millim. 
185 

Breadth  of  the  test 

40-5 

38  37 

3G 

33-5 

16 

Height  of  the  test 

23-5 

18!  (crushed)  18-5 

22 

19 

10 

Localities.  In  the  Khirthar  series  of  strata : — 

i.  North-east  of  Kale-ka-Kua,  seven  miles  south-east  of  Trak.  Survey-number 

tar- 

ii.  Mairi  valley,  south  of  Teyon.  Survey-number 

iii.  Exact  locality  not  known  (presented),  said  to  be  near  Kotri,  probably  the  hills 
west  of  Kotri.  Survey-number 

iv.  Near  Meting  Kailway-Station.  Survey-number 

v.  Keuhir-ka-lak  (pass),  east  Bide  of  Surjaua  range.    Survey-number  jj-. 

vi.  Eight  or  nine  miles  south  by  west  of  Jangri,  and  east  of  the  Surjana  range. 
Survey-number   -3  . 

vii.  Twenty-four  miles  west  of  Kotri  (entering  the  hills  on  the  road  to  Bula 
Khan's  Thana).  Survey-number 


Illustrations  of  the  Species  in  Plate  XXXVI. 

Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Actinal  view  of  the  test  of  another  specimen :  natural  size. 

3.  Longitudinal  profile  of  the  test:  natural  size. 
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Fig.  4.  The  apical  disk :  magnified. 

5.  A  portion  of  the  abactinal  surface,  to  show  the  anterolateral  petal  and 
the  fasciole :  magnified. 

3.  Metaua  scltiformis  (!)  var.  rotusda,  Duncan  &  Sladen.   Plate  XXXVI,  Figs.  6  &  7. 

There  U  in  the  collection  a  single  large  specimen  of  a  much-weathered  test,  the 
outline  and  general  facies  of  which  arc  alone  observable,  all  detail  being  either  obscured 
or  destroyed.-  This  form  we  place  provisionally  as  a  variety  of  M.  scutiformis,  though 
it  is  quite  possible  that  better  material  might  warrant  its  recognition  as  a  distinct 
species. 

The  marginal  contour  of  the  test  is  more  rotund  and  more  prominently  expanded 
laterally  than  in  the  normal  form  of  the  type  species.  The  length  of  the  test  was 
probably  very  little  greater  than  the  breadth,  but  the  exact  proportions  are  obliterated 
in  consequence  of  some  crushing  at  tbe  posterior  extremity  having  produced  a  distor- 
tion, which  extends  also  on  the  actinal  surface.  Seen  in  longitudinal  profile  the 
characteristic  prominence  of  the  odd  posterior  interradium  is  conspicuons,  and  the 
general  outline  of  the  abactinal  surface  conforms  closely  with  that  of  M.  scutiformis. 
The  anterolateral  petals  are  equal  to  or  slightly  longer  than  the  posterior  pair,  and 
the  furrow  of  the  odd  anterior  ambulacrum  is  very  shallow. 

Dimensions.  The  length  of  the  test  (crushed)  is  50  5  millim.,  the  breadth 
49-5  millim.,  and  the  height  23  millim. 

Locality.  In  the  Khirthar  series.  Sumbak  Hill,  south-west  of  the  Vero  plain. 
Survey-number 

Illustrations  uf  t!u>  .Specimen  in  Plate  XXXVI. 

Fig.  6.  Abactinal  view  of  the  test :  natural  size. 

7.  Outline  of  the  longitudinal  profile  of  the  test :  natural  size. 

4.  Mktalia  depressa,  Duncan  &  Uladen.    Plate  XXXVI,  Figs,  ti-10. 

Test  of  medium  size.  Marginal  contour  ovally  subhcxagonal,  prominently  ex- 
panded laterally,  slightly  indented  anteriorly  by  the  anteal  sulcus,  broadly  truncate 
posteriorly.  The  greatest  breadth  is  slightly  anterior  to  the  centre,  and  is  about  nine 
tenths  of  the  length,  or  in  the  proportion  of  0  91  :  1.  The  dorsal  surface  is  depressed, 
its  convexity  being  of  slight  elevation ;  the  apical  summit  of  the  test  is  execntric  in 
front,  and  corresponds  with  the  apical  disk,  the  height  being  rather  more  than  two 
fifths  of  the  length.  When  seen  in  longitudinal  profile  the  slope  on  either  side  in  the 
neighbourhood  of  the  apex  is  very  slight ;  a  distance  away  anteriorly,  however,  a  well- 
developed  curve  passes  rapidly  to  the  margin  and  forms  a  full  and  well-rounded  anterior 
extremity.  The  posterior  slope  is  very  slight  until  close  to  the  margin,  where  it  is 
abruptly  rounded  at  the  truncate  posterior  extremity.  The  transverse  profile  shows  a 
uniform  convex  curve,  slightly  flattened  laterally.  The  actinal  surface  appears  to  have 
been  almost  flat,  and  is  well  rounded  at  the  margins. 
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The  apical  disk  is  excentric  in  front,  its  distance  from  the  anterior  margin  being 
about  three  eighths  of  the  longitudinal  diameter  of  the  test.  The  four  generative  pores 
are  very  closely  placed,  the  posterior  pair  being  slightly  wirier  apart  than  the  anterior 
pair.  The  five  ocular  pores  are  remarkable  for  their  large  size,  being  quite  equal  to 
the  generative  pores.  The  pore  corresponding  to  the  odd  anterior  ambulacrum  is 
placed  in  front  of  the  anterior  pair  of  generative  pores,  forming  with  them  a  triangle. 
The  posterior  pair  of  ocular  pores  are  very  wide  apart,  being  separated  by  the  extensive 
prolongation  of  the  central  madreporiform  body ;  and  the  position  of  each  of  these 
pores  is  in  a  line  with  the  two  generative  pores  on  its  own  side  of  the  median  line  and 
the  odd  anterior  ocular  pore;  there  being  thus  two  converging  lines  of  four  pores, 
counting  the  odd  anterior  pore  twice.  The  lateral  pair  of  ocular  pores  are  external  to 
the  anterior  pair  of  generative  pores. 

The  groove  of  the  odd  anterior  ambulacrum  is  very  shallow  and  feebly  defined. 
The  poriferous  zones  are  straight,  with  the  pores  very  minute  and  the  pairs  compara- 
tively closely  placed. 

The  petaloid  ambulacra  are  comparatively  short  and  are  sunken  in  deep  grooves, 
the  margins  of  which  are  rounded  or  bevelled,  as  it  were,  on  to  the  general  area  of  the 
interratlia.  The  anterior  pair  are  slightly  longer  than  the  posterior  pair ;  they  proceed 
in  a  straight  line  from  the  apex  towards  the  margin,  are  very  widely  divergent,  and 
subtend  an  angle  of  about  130".  The  posterior  petals  inclose  an  angle  of  about  52*, 
are  rather  shorter  than  the  anterior,  and  their  course  is  straight  from  the  apex  towards 
the  margin.  The  poriferous  zones  of  the  petaloid  ambulacra  are  wide,  straight,  and 
equal,  with  pores  transversely  oval,  wide  apart,  and  united  by  a  well-defined  conjugating 
groove,  adjacent  pairs  and  grooves  being  separated  by  narrow  costa?  bearing  a  scries  of 
small  ill-defined  granules.  The  poriferous  zones  diminish  slightly  in  breadth  at  the 
extremities,  but  in  the  case  of  the  anterior  zones  of  the  auterior  pair  of  petals  the 
decrease  in  size  at  the  apical  extremity  is  considerable  and  rapid,  seven  or  eight  pairs 
being  almost  entirely  aborted.  Furthermore,  a  few  pairs  are  aborted  in  all  the  zones 
at  the  apical  extremity,  which  gives  a  singular  and  disconnected  appearance  to  the 
apical  disk.  The  interporiferous  areas  are  narrow,  and  their  width  is  less  than  the 
distance  of  the  pores  apart. 

The  peristome  is  large  and  more  excentric  in  front  than  the  apical  disk,  but 
unfortunately  the  neighbouring  portions  of  the  test  are  destroyed  and  no  further  obser- 
vations are  possible. 

The  periproct  is  large,  subcircular,  and  placed  at  the  extreme  summit  of  the 
posterior  extremity,  the  diameter  of  the  aperture  being  nearly  equal  to  half  the  appa- 
rent depth.  At  the  sides  of  the  aperture  the  test  is  more  coarsely  tuberculated  than 
the  general  surface  of  the  interradia  ;  and  beneath  the  periproct,  where  a  slight  depres- 
sion occurs,  there  is  sonic  course  and  widely  spaced  tnberculation  also. 

Two  fascioles  are  present — peripetalous  and  subanal.  The  peripetalous  fasciolc  is 
only  slightly  sinuous  in  the  lateral  interradia,  where  a  sharp,  short,  double  bend  at 
right  angles  takes  place  near  the  middle  of  the  anterior  column  of  plates  of  the  inter- 
radium.    "Within  the  boundary  of  the  fasciolc  some  large  isolated  tubercles  are  present 
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in  the  intcrambulacral  areas,  the  greatest  number  being  found  on  either  side  of  the  odd 
anterior  ambulacrum,  where  they  are  also  comparatively  smaller  and  more  grouped 
than  elsewhere.  In  the  lateral  inten-adia  there  are  a  considerable  number  on  the  flank 
of  the  groove  of  the  postcro-lateral  petal,  where  several  transverse  lines  of  two,  three, 
or  even  four  tubercles  are  placed.  Similar,  but  less  numerous,  tubercles  occur  on  the 
other  flank  of  tho  posterior  petals  and  on  each  of  the  flanks  of  the  anterior  pair.  There 
are  also  a  few  large  tubercles  outside  the  fasciolo  in  the  lateral  interrudia,  appearing 
like  a  continuation  of  those  on  the  posterior  flank  of  the  antero-lateral  petal.  Similarly 
a  few  smaller  tubercles  are  found  outside  tho  fasciole  on  either  side  of  the  median 
suture  of  the  odd  posterior  interradium.  The  subanal  fasciole  is  very  wide  and  sub- 
reniform ;  the  length  of  the  subanal  plastron,  or,  in  other  words,  its  measurement  along 
the  longitudinal  axis  of  the  test,  not  being  more  than  one  fourth  of  its  width  or  trans- 
verse measurement.  Six  or  seven  pairs  of  ambulacral  pores  are  included  on  either  side 
of  the  area,  and  the  tubercles  which  ornament  the  plastron  are  large,  distinct,  and 
more  or  less  definite  in  their  arrangement. 

The  general  ornamentation  of  the  test  on  the  abactinal  surface  is  small,  uniform, 
and  crowded,  becoming  larger  and  more  distinct  at  the  margins,  where  it  is  also  sub- 
lineal  in  arrangement ;  on  the  actinal  surface  it  is  much  larger  and  more  widely  spaced, 
but  unfortunately  very  little  detail  remains  on  the  latter  region  of  the  si>ecimen  under 
notice. 

Bernards.  This  species  is  so  well  distinguished,  either  from  M.  Sowerbyi  or  M.  scu- 
tiformis,  by  the  general  depression  of  the  test,  by  the  different  marginal  contour, 
ambulacral  petals,  fasciolcs,  and  ornamentation,  that  it  appears  superfluous  to  compare 
these  points  seriatim. 

Dimensions.  Length  of  the  test  415  millim.,  breadth  38  millim.,  height  17  5 
millim. 

Locality.  In  the  Khirthar  series  of  strata  :  East  of  Band  Vero,  north-west  of 
Kotri.  Survey-number 

Illustrations  of  the  Species  in  Plate  XXXVI. 

Fig.  8.  Abactinal  view  of  the  test :  natural  size. 

9.  Longitudinal  profile  of  the  test :  natural  size. 
10.  A  portion  of  the  abactinal  surface,  to  show  the  apical  disk,  the 
ambulacral  petals,  and  the  fasciole :  magnified. 

5.  Mktai.ia  agariciformis,  Duncan  §•  Sladen.    Plate  XXXVI,  Figs.  11-14. 

The  collection  contains  several  specimens  of  Metalia,  all  unfortunately  much 
weathered  and  broken,  but  which  we  do  not  hesitate  to  place  as  a  distinct  species, 
although,  unfortunately,  we  are  only  able  to  give  a  very  imperfect  description.  The 
following  are  the  characters  which  are  noticeable. 

The  marginal  contour  of  the  test  is  subrotund,  scarcely  indented  in  front  and  faintly 
truncate  behind.  The  length  and  the  breadth  are  subequal.  The  test  is  subdepressed, 
and  the  greatest  height,  which  is  slightly  excentric  behind,  is  about  equal  to  half  the 
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length ;  the  abactinal  surface  is  convex  and  regularly  arched  from  the  apex  to  the 
thin  angular  margins.  Seen  in  longitudinal  profile  the  anterior  slope,  which  passes 
through  the  apical  disk,  is  rather  less  full  and  less  rapid  than  the  posterior  slope,  and 
when  seen  in  transverse  profile  the  slightly  prominent  carination  of  the  odd  posterior 
interradium  is  noticeable.  On  the  actinal  surface  there  is  a  very  marked  declivity  or 
inclination  of  the  test  around  the  peristome,  especially  anteriorly,  which  gives  a  remark- 
able appearance  to  the  species. 

The  apical  disk  is  slightly  excentric  in  front ;  the  two  anterior  generative  pores  are 
rather  wide  apart  and  separated  by  the  odd  anterior  ocular  plate ;  the  posterior  pair  of 
generative  pores  are  rather  wider  apart  than  the  anterior  pair;  and  the  posterior  pair 
of  ocular  pores  are  separated  by  the  central  madrcporiform  body.  The  ocular  pores  are 
minute  and  almost  microscopic. 

The  odd  anterior  ambulacrum  lies  in  a  very  slight  depression  of  the  test,  which 
can  scarcely  be  called  a  groove,  and  the  grooves  of  the  petaloid  ambulacra  are  almost 
as  sballow  and  ill-defined ;  these  latter  appearing,  however,  to  be  rendered  visible  by 
the  slight  tumidity,  verging  on  carination,  which  occurs  along  the  median  line  of  the 
interradia. 

The  anterior  pair  of  petals  are  a  little  longer  than  the  posterior  pair,  having  two 
or  three  more  pairs  of  pores  in  each  zone ;  they  aro  very  widely  divergent,  sub- 
tending an  angle  of  about  100°,  and  the  general  course  of  the  petal  is  almost  straight 
from  the  apex  towards  the  margin,  although  a  certain  appearance  of  curvature  is  pro- 
duced by  the  rapid  abortion  of  the  seven  or  eight  terminal  pairs  of  pores  at  the  apical 
extremity  of  the  anterior  zones.  The  pores  in  each  zone  ore  equal,  transversely  oval, 
and  wide  apart ;  the  pores  of  a  pair  are  united  by  a  conjugating  furrow,  and  adjacent 
pairs  separated  by  divisional  costa;,  and  the  width  of  the  intcrporifcrous  area  is  about 
equal  to  the  distance  of  the  pores  apart.  In  the  posterior  petals  two  or  three  pairs  of 
pores  are  aborted  in  each  zone  at  the  apical  extremity,  and  the  succeeding  pores  are 
smaller,  increasing  in  size  more  gradually  in  the  posterior  zone  than  in  the  anterior 
zone,  producing  the  appearance  of  more  extended  abortion ;  but  the  character  is  much 
less  conspicuous  than  in  the  anterior  zones  of  the  anterior  pair  of  petals.  The  posterior 
pair  of  petals  subtend  an  angle  of  about  40°. 

The  peristome  is  excentric  in  front  and  situated  in  a  well-defined  and  rather  deep 
depression  of  the  test ;  the  anterior  lip  is  semicircular ;  the  posterior  lip  is  unfortunately 
destroyed.  The  five  or  six  terminal  pores  of  each  ambulacral  zone  near  the  peristome 
are  large  and  situated  in  cavities,  and  form  in  each  ambulacrum  a  pair  of  uniserial 
lines  of  pores,  which  diverge  apart  as  they  approach  the  peristome. 

The  position  and  character  of  the  periproct  is  undeterminable,  as  the  upper  part  of 
the  posterior  extremity  is  wanting. 

The  posterior  peak  of  the  actinal  plastron  is  rather  prominent,  and  the  longitudinal 
diameter  of  the  subaual  plastron  appears  to  have  been  small,  probably  about  one  fourth 
of  the  transverse  diameter.  About  four  pairs  of  ambulacral  pores  are  present  on  either 
side  of  this  plastron,  although  no  trace  of  the  subanal  fasciole,  whose  presence  is  thus 
demonstrated,  can  be  made  out. 


Digitized  by  Google 


OF  WESTERN  SIND. 


215 


The  peripetalous  fasciole  is  obliterated,  as  well  as  the  whole  of  the  ornamentation 
of  the  abactinal  surface. 

Remarks.  This  form  is  readily  distinguished  from  the  species  previously  described 
by  the  shape  of  the  test,  both  in  marginal  outline  and  in  the  character  of  the  abactinal 
surface,  by  the  structure  of  the  anterior  pair  of  petals,  by  the  thin  angular  margin,  and 
by  the  depression  around  the  peristome.  There  appears  to  be  some  variation  in  the 
position  of  the  apical  summit  of  the  test,  which  in  one  specimen  at  least  corresponds 
with  the  position  of  the  apical  disk;  and  there  is  also  in  the  same  example  a  slight 
curvature  near  the  apex  in  the  anterior  zone  of  the  posterior  petals,  which  causes  them 
to  have  a  rather  thicker  appearance  than  in  the  test  we  have  described  above. 

Dimensions.  The  largest  specimen  measures  30-5  millim.  in  length,  30  millim.  in 
breadth,  and  15  millim.  in  height. 

/localities.  In  the  Khirthar  series  of  strata: — L  Three  or  four  miles  south-south- 
east of  Meting  (at  base  of  the  scarp).  Survey-number 

ii.  Aongar-hill  scarp,  east  of  Meting  Railway-station  (base  of  scarp).  Survey- 
number 

Illustrations  of  the  Species  in  Plate  XXXVI. 

Fig.  11.  Abactinal  view  of  the  test:  natural  size. 

12.  Actinal  view  of  the  test :  natural  size. 

13.  Longitudinal  profile  of  the  test:  natural  size. 

14.  A  portion  of  the  abactinal  surface,  to  show  the  apical  disk  and  the 

ambulacral  petals :  magnified. 

(5.  Mctalia,  sp.    Plate  XXXVI,  Figs.  15  &  16. 

There  is  a  single  test  of  a  Metalia  in  the  collection,  which  unquestionably  belongs 
to  an  undescribed  species ;  but  its  state  of  preservation  is  so  bad  that  a  proper  diagnosis 
is  impossible,  and  we  have  consequently  refrained  from  giving  it  a  name  until  better 
material  is  available.  Two  drawings  of  the  specimen  have  been  given  to  facilitate 
future  identification,  and  the  following  details  are  all  that  can  be  observed. 

The  marginal  contour  is  rotund,  rather  angularly  expanded  laterally,  the  greatest 
breadth  nearly  equal  to  the  length.  The  anterior  margin  is  sharply  indented  by  a  well- 
defined  anteal  sulcus,  and  the  posterior  extremity  is  slightly  truncate.  The  greatest 
height  of  the  test  is  thrown  far  forward  close  to  the  anterior  margin,  so  that  in  the 
longitudinal  profile  the  anterior  extremity  is  seen  to  be  a  very  steep  and  almost  preci- 
pitous incline,  passing  with  a  rapid  and  sharply  rounded  curve  from  the  dorsal  surface. 
The  posterior  slope  is  long  and  even,  forming  a  gradual  incline  to  the  posterior 
extremity.  The  abactinal  surface  is  much  depressed,  the  greatest  height  being  two 
fifths  of  the  length,  and  the  margins  are  thin  and  sharply  rounded. 

The  apical  disk  is  excentric  in  front,  but  much  less  so  than  the  apical  summit 
All  the  structure  is  destroyed. 

The  odd  anterior  ambulacrum  is  situated  in  a  deep  and  sharply  defined  groove, 
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which  disappears,  however,  at  the  apex.  The  petaloid  ambulacra  are  in  moderately 
deep  grooves,  those  of  the  posterior  pair  having  a  scooped-out  appearance  in  conse- 
quence of  the  greater  depression  midway  between  the  extremities.  The  anterior  pair 
of  petals  are  longer  than  the  posterior  pair;  they  proceed  straight  from  the  apex 
towards  the  margin,  and  are  very  nearly  horizontal,  the  angle  subtended  being  about 
155°.  The  poriferous  zones  are  broad  ;  the  pores  large,  equal,  oval,  united  by  a  conju- 
gating groove,  and  the  pairs  separated  by  ridge-like  cos  tie.  There  is  a  very  sudden  and 
great  abortion  of  the  seven  or  eight  terminal  pairs  of  the  anterior  zone  at  the  apex  of 
the  anterior  petals,  and  two  or  three  pairs  are  aborted  in  the  companion  zone.  In  the 
posterior  pair  of  petals  about  two  pairs  of  pores  are  aborted  in  the  anterior  zone  and 
three  pairs  in  the  posterior  zone.  The  interporiferous  areas  are  narrow,  their  width 
being  not  greater  than  the  distance  of  the  pores  apart  in  the  poriferous  zones,  and  the 
areas  in  the  posterior  petals  are  perhaps  a  shade  narrower  than  in  the  anterior  petals. 

A  great  portion  of  the  actinal  surface  is  obscured  by  matrix ;  such  portions,  how- 
ever, as  are  exposed  lead  to  the  supposition  that  the  ambulacral  areas  on  the  actinal 
surface  were  in  slight  depressions,  whilst  the  intervening  interradial  areas  were 
slightly  tumid. 

Traces  arc  discernible  of  the  peripetalous  and  of  the  subanal  fascioles ;  the  latter 
was  of  wide  extension,  and  included  four  or  five  pairs  of  ambulacral  pores  on  either 
side. 

Traces  of  the  ornamentation  may  be  seen  on  the  abactinal  surface  near  the  margin, 
where  the  miliary  tubercles  appear  moderately  large  and  distinct ;  and  along  the  flanks 
of  the  groove  of  the  odd  anterior  ambulacrum  the  tuberculation  is  larger  than  the 
general  miliary  tuberculation.  As  usual,  the  tubercles  ore  much  larger  on  the  actinal 
surface ;  and  there  was  probably  in  this  species  some  rather  coarse  granulation  in  the 
ambulacral  areas  on  either  side  of  the  actinal  plastron. 

Dimensions.  Length  of  the  test  40  millim.,  breadth  38  5  millim.,  height  16  millim. 

Locality.  In  the  Khirthar  scries  of  strata :  Near  Meting  Eailway-station.  Survey- 
number 

Illustrations  of  the  Specimen  in  Plate  XXXVI. 

Fig.  15.  Abactinal  view  of  the  test :  natural  size. 

16.  Longitudinal  profile  of  the  test :  natural  size. 

7.  Metalia,  sp.    Plate  XXXVI,  Fig.  17. 

There  is  a  single  and  much  weathered  fragment  of  a  test  which  we  consider  to 
belong  to  a  species  of  Metalia  distinct  from  any  of  the  foregoing.  The  fragmentary 
and  badly  preserved  state  of  the  fossil  render  the  specimen  insufficient  for  specific 
diagnosis;  hence,  until  better  examples  are  forthcoming,  we  limit  our  reference  to  this 
species  to  the  following  brief  remarks. 

The  most  striking  feature  of  the  fragment  consists  in  the  long  straight  postero- 
lateral ambulacral  petals,  which  are  placed  in  well-defined  but  not  very  deep  depressions, 
and  are  equal  to  or  even  slightly  longer  than  the  anterior  pair.   The  poriferous  zones 
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are  very  wide,  and  the  interporiferous  areas  remarkably  narrow,  being  little,  if  at  all, 
wider  than  the  divisional  costre  which  separate  the  widely  spaced  and  conjugate  pairs 
of  pores.  Two  or  three  pairs  of  pores  are  aborted  at  the  apical  extremity  of  each  zone. 
The  apical  disk  is  excentric  in  front ;  the  ocular  pores  arc  in  sunken  cavities,  and  the 
posterior  pair  are  separated  by  the  posterior  extension  of  the  madreporiform  body. 
The  posterior  pair  of  generative  pores  are  larger  and  wider  apart  than  the  anterior  pair. 
The  apical  summit  of  the  test  apparently  coincided  with  the  apical  disk ;  and  the  pos- 
terior slope  of  the  test,  when  seen  in  longitudinal  profile,  is  very  slight,  the  posterior 
extremity  being  high  and  thick ;  the  margins  also  are  thick,  and  somewhat  tumid  for 
this  genus.  The  peripetalous  fasciole  is  narrow,  and  was  probably  devoid  of  any  sinuous 
bend  in  the  lateral  interradia ;  and  there  appear  to  be  traces  of  a  few  large  isolated 
tubercles  on  the  flanks  of  the  ambulacral  grooves.  The  subanal  fasciole  is  extensive, 
and  includes  seven  or  eight  pairs  of  ambulacral  pores  on  either  side ;  and  there  are 
traces  of  distinct  grooves  radiating  inwards  from  the  pores.  The  actinal  plastron  is 
rather  prominent  at  the  posterior  peak,  and  its  outline  inward  is  defined  as  the  apex  of 
a  triangle  by  the  broad  posterior  ambulacral  areas. 

Perhaps  the  nearest  alliances  of  this  form  arc  to  M.  Sowerbyi,  from  which,  however, 
it  differs  by  the  length  and  character  of  the  posterior  petals,  as  well  as  by  the  height 
and  thickness  of  the  posterior  extremity  and  the  margins  generally ;  moreover,  the  test 
is  much  larger  than  that  of  M.  Sowerbyi  as  at  present  known. 

Dimensions.  From  the  centre  of  the  apical  disk  to  the  posterior  extremity 
30  millim.,  breadth  rather  more  than  41  millim.,  height  24  millim. 

Locality.  In  the  Khirthar  series  of  strata:  Three  or  four  miles  north-east  of 
Jungshahi  Railway-station.    Survey-number  C\fj^- 

Illustration  of  the  Specimen  in  Plate  XXXVI. 
Fig.  17.  Abactinal  view  of  the  specimen:  natural  size. 

Genu*  LINTHIA,  Marian,  1S53. 

(See  antri,  p.  17,  Part  i.) 

1.  Linthia  oriestaus,  Duncan  <£■  Sladen.    Plate  XXXVII,  Figs.  7-14. 

Test  of  medium  size.  Marginal  contour  rotundly  subcordiform,  widely  expanded 
laterally,  the  breadth  being  slightly  greater  than  the  length,  deeply  indented  anteriorly 
by  the  anteal  sulcus,  contracting  behind  the  line  of  greatest  breadth  towards  the  pos- 
terior extremity,  which  is  slightly  truncate.  The  abactinal  surface  is  convex,  more  or 
less  inflated,  and  deeply  incised  by  the  ambulacral  grooves.  The  greatest  height  of  the 
test,  which  is  slightly  excentric  posteriorly,  lies  on  the  keel  of  the  odd  posterior  inter- 
radium,  and  is  nearly  equal  to  two  thirds  of  the  length,  or  in  tho  proportion  of  0  64  : 1. 
Seen  in  longitudinal  profile  the  anterior  slope  is  steep  and  rapid,  the  lateral  interradia 
are  slightly  keeled  and  prominent  at  the  apex,  and  the  posterior  portion  of  the  profile, 
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which  is  formed  by  the  odd  posterior  interradium,  is  convex,  well  arched,  curving  with 
a  well-rounded  bend  to  the  summit  of  the  high,  truncate  posterior  extremity.  The 
actinal  surface  is  slightly  convex,  caused  by  a  faint  tumidity  in  the  actinal  plastron ; 
and  there  is  a  slight  depression  in  front  of  the  peristome.  The  margins  are  full 
and  tumid. 

The  apical  disk  is  slightly  excentric  in  front,  and  has  four  generative  and  five 
ocular  plates;  the  anterior  pair  of  generative  plates  are  separated  by  the  odd  anterior 
ocular  plate ;  the  posterior  pair  of  generative  plates  and  pores  are  slightly  larger  and 
wider  apart  than  the  anterior  pair,  to  which  they  arc  very  closely  placed ;  the  posterior 
pair  of  ocular  plates  stand  immediately  beneath,  and  are  separated  by  the  posterior 
prolongation  of  the  central  madreporiform  body. 

The  odd  anterior  ambulacrum  is  placed  in  a  wide,  deep,  and  well-defined  groove, 
which  extends  from  the  apex,  deeply  indents  the  margin,  and  is  continued  below  the 
ambitus  as  a  shallow  channel  reaching  up  to  the  peristome,  the  anterior  interradial 
areas  in  the  actinal  surface  being  somewhat  tumid  in  relation  to  this  groove  of  the  odd 
anterior  ambulacrum.  On  the  abactinal  surface  this  groove  is  of  very  uniform  width 
from  the  apex  to  the  margin,  and  its  floor  has  a  comparatively  flat  appearance.  The 
poriferous  zones  are  straight  and  parallel,  except  near  the  apex,  where  they  converge. 
The  pores  are  very  minute,  those  of  a  pair  being  placed  in  a  small  oval  cavity,  the 
series  of  these  giving  the  zone  tho  appearance  of  being  composed  of  large  single  pores. 
The  interporiferous  area  is  wide,  and  is  ornamented  with  a  few  very  minute  and  errati- 
cally placed  granules,  which  are  of  two  sizes,  the  smaller  being  more  numerous  and  more 
crowded.  The  petaloid  ambulacra  are  comparatively  long  and  straight,  placed  in  deep, 
sharply-defined  grooves,  which  contract  rather  rapidly  at  the  apical  extremity,  and  also, 
but  in  a  less  degree,  at  the  outer  extremity,  where  the  groove  shallows  gradually.  The 
anterior  pair  of  petals  arc  slightly  longer  than  the  posterior  pair,  and  extend  straight 
from  the  apex  nearly  to  the  margin  ;  they  arc  widely  divergent,  and  subtend  an  angle 
of  about  135°.  The  poriferous  zones  are  broad,  and  occupy  the  flanks  of  the  grooves. 
The  pores  are  subequal,  and  transversely  oval,  rather  wide  apart,  and  united  by  a  very 
broad  conjugating  groove,  adjacent  pairs  being  so|>arated  with  ridge-like  divisional 
coste,  which  bear  a  single  series  of  small,  ill-defined  granules.  The  pairs  of  pores  are 
comparatively  rather  widely  spaced.  The  pores  of  a  pair  diminish  in  size  and  distance 
apart  as  they  approach  the  apex,  and  also,  but  to  a  less  extent,  at  the  outer  extremity. 
The  interporiferous  area  is  a  shade  wider  than  the  poriferous  zone,  and  is  only  about 
half  the  width  of  the  same  area  in  the  odd  anterior  ambulacrum ;  it  appears  to  have 
been  smooth,  as  no  trace  of  miliary  granulation  is  to  be  found  in  the  specimens  at  our 
disposal.  The  posterior  pair  of  petals  are  similar  to  the  anterior  pair,  but  arc  rather 
shorter  and  rather  more  contracted  towards  the  outer  extremity ;  their  course  from  the 
apex  towards  the  margin  is  straight,  and  they  subtend  an  angle  of  about  54°.  There 
are  24  or  25  pairs  of  pores  in  a  zone  of  the  postero-lateral  petals,  and  29  or  30  pairs  in 
a  zone  of  the  anterc-latcral  petals. 


All  the  intcrradia  have  a  flatly  tumid  appearance,  and  become  subcarinate  near  the 
apical  disk ;  the  odd  posterior  interradium  is  more  tumid  than  the  others  along  the 
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median  longitudinal  line,  and  forms  between  the  posterior  pair  of  petals  a  well- 
developed  convex,  hog-backed  ridge. 

The  peristome  is  very  excentric  in  front,  nearer  the  anterior  than  the  lateral 
margins  of  the  test ;  it  is  bilabiate,  with  the  posterior  lip  broad,  well  arched,  mode- 
rately prominent  and  tumid,  the  anterior  lip  semicircular,  and  the  neighbouring  por- 
tions of  the  test  sloping  inwards. 

The  pcriproct  is  of  moderate  size,  transversely  oval,  and  placed  at  the  summit  of 
the  posterior  extremity,  the  upper  margin  being  slightly  overhung  by  the  test,  and  the 
angle  of  truncation  of  the  posterior  extremity  is  slightly  directed  inwards,  which  gives 
an  overhanging  character  to  the  whole  extremity ;  beneath  the  periproct  there  is  a 
slight  concavity  in  the  test,  which  causes  some  tumidity  to  appear  on  either  side  of  the 
extremity  near  the  margin. 

There  are  two  well-developed  fasciolcs  on  the  test— one  peripetalous,  and  the  other 
latero-subaual.  The  peripetalous  fasciole  is  very  sinuous;  it  crosses  the  groove  of  the 
odd  anterior  ambulacrum  a  short  distance  above  the  ambitus,  traverses  the  anterior 
interradia  with  a  concave  curve,  bends  sharply  round  the  antero-lateral  petals,  and 
after  proceeding  for  a  short  distance  beyond  their  extremity,  is  bent  at  right  angles  to 
run  parallel  with  the  groove  nearly  up  to  the  inner  fourth  of  the  petal ;  it  is  then  again 
bent  at  right  angles,  and  proceeds  nearly  parallel  with  the  longitudinal  axis  of  the  test 
until  it  curves  sharply  round  the  extremity  of  the  postcro-lateral  petal,  and  passes  far 
up  into  the  odd  posterior  interiadium  with  a  deeply  reentering  curve  to  cross  the  keel 
and  pursue  a  similar  course  on  the  other  side  of  the  test.  The  latero-subanal  fasciole 
joins  the  peripetalous  fasciole  at  its  sharp  angular  bend  behind  the  extremity  of  the 
autero-lateral  petal,  and  proceeds  thence  in  a  direct  course  backwards  and  downwards 
towards  the  posterior  extremity,  and  passes  beneath  the  pcriproct. 

The  ornamentation  on  the  abactinal  Burface  is  small,  crowded,  and  comparatively 
uniform,  consisting  of  small  primary  tubercles  with  mamclons  and  disk-like  scrobiculcs, 
and  with  small,  uniform,  widely  spaced,  and  irregularly  disposed  miliary  granules  in  the 
interspaces.  On  the  actinal  surface  the  primary  tubercles  are  much  larger  and  more 
widely  spaced,  and  the  intervening  miliary  granules  are  more  numerous  and  crowded. 

Remarks.  This  species  has  some  resemblance  to  the  Egyptian  form  Linthia 
cavernosa  described  by  de  Loriol;  but  the  Indian  species  is  more  widely  expanded 
laterally,  and  has  much  more  deeply  and  definitely  grooved  ambulacra,  and  also 
appears  to  be  more  tumid  posteriorly.  The  forms  are  probably  representative  species. 
Linthia  orimtalis  has  likewise  some  affinity  with  L.  Ybergensis  of  de  Loriol,  from  the 
Nummulitic  of  Switzerland,  but  is  distinguished  by  its  more  depressed  test,  by  the 
narrower  petals  plated  in  more  sharply  denned  grooves,  by  the  more  excentric  apex, 
and  by  the  different  characters  of  the  posterior  extremity  and  marginal  contour. 

As  illustrative  of  the  elasticity  of  form  in  this  species,  we  have  given  drawings  of 
two  remarkable  monstrosities,  in  both  of  which  an  oblique  development  of  parts  has 
taken  place.  The  smaller  of  the  two  examples  is  also  peculiar  on  account  of  its  high 
and  conical  abactinal  surface,  the  longitudinal  profile  simulating  in  outline  that  of  some 
forms  of  Conoclypeui. 


220 


THE  FOSSIL  KCHINOIDEA 


Dimensions.  The  largest  specimen  measures  45  millim.  in  length,  with  greatest 
breadth  4G  millim.  and  height  29  millim.  The  anterolateral  petals  are  21  millim.  in 
length,  and  the  postero-lateral  IS  millim.;  the  greatest  breadth  of  the  latter  is  5  millim., 
or  a  shade  less. 

Localities.  In  the  Khirthar  series  of  strata: — i.  Itois  Hill,  near  Damaj,  south  of 
Bula  Khan.  Survey-number 

ii.  Baili,  west  of  Tong.  Survey-number 

Illustrations  of  the  Species  in  Plate  XXXVII. 

Fig.  7.  Abactiual  view  of  the  test :  natural  size. 

8.  Actinal  view  of  the  test :  natural  size. 

9.  Longitudinal  profile  of  the  test :  natural  size. 

10.  Odd  anterior  ambulacrum :  magnified. 

11.  Portion  of  one  of  the  petaloid  ambulacra:  magnified. 

12.  Apical  disk:  magnified. 

13.  Abactinal  view  of  an  abnormal  unsymmetrical  test :  natural  size. 

14.  Abactinal  view  of  another  abnornal  unsymmetrical  test :  natural  size. 


1.  Sciuzaster  symmetricl'.s,  Duncan  &  Sladen.    Plate  XXXVII,  Figs.  15-21. 

Test  of  small  or  medium  size.  Marginal  contour  oval,  elongate,  deeply  indented 
anteriorly  by  the  anteal  sulcus,  rather  more  contracted  towards  the  posterior  extremity, 
which  is  subrostrate,  and  more  or  less  protuberant.  The  abactinal  surface  is  not  very 
high,  and  when  seen  in  longitudinal  profile  forms  a  well-arched  curve,  sloping  gently 
from  the  highest  point,  which  is  excentric  posteriorly,  to  the  anterior  extremity,  which 
is  thick  and  tumid.  Immediately  behind  the  highest  point,  the  outline  is  slightly 
curved,  and  is  then  abruptly  truncate  obliquely  at  a  steep  angle  of  inclination,  which 
extends  to  the  ambitus,  the  area  thus  formed  being  more  or  less  concave ;  beneath 
the  ambitus  the  inferior  margin  of  the  posterior  extremity  is  rounded  off  to  merge  into 
the  actinal  surface,  and  is  tumid  and  protuberant.  The  sides  of  the  test  are  tumid,  and 
the  actinal  surface  convex. 

The  apical  disk  is  almost  sttbcentral,  or  very  slightly  excentric  posteriorly.  There 
are  only  two  generative  pores,  which  are  very  large,  and  borne  on  hexagonal  plates, 
which  correspond  with  the  postero-lateral  interradia.  The  anterior  pair  of  generative 
pores  are  aborted.  The  ocular  plates  arc  subpentagonal,  and  the  posterior  pair  are 
separated  by  the  central  madrcporiform  body. 

The  odd  anterior  ambulacrum  is  situated  in  a  wide  and  deeply  excavated 
groove,  the  floor  of  which  is  but  slightly  rounded,  and  is  bounded  by  the  high  thin 
ridge-like  keels  of  the  anterior  interradia.    The  poriferous  zones  are  placed  in  the 


Genus  SCHIZASTER,  Agassiz,  1836. 
(8<*<m/«i,  p.  80,  Part  iL) 
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rounding  which  unites  the  floor  and  the  aides  of  the  groove ;  the  pores  arc  small,  and 
have  a  tendency  to  become  slit-like,  especially  the  inner  series.  The  pores  of  a  pair 
are  separated  by  a  high,  prominent,  pedunculated  granule,  which  has  a  slight  inclination 
towards  the  outer  pore  in  the  direction  of  the  apex  ;  and  the  pairs  of  pores  are  situated 
in  faint  oblique  depressions.  All  the  pairs  are  well  spaced  throughout  the  zone,  but 
are  closer  at  the  apical  extremity.  The  interporiferous  area  is  ornamented  with  a  few 
minute  and  widely  spaced  miliary  granules,  amongst  which  a  few  larger  ones  are  occa- 
sionally to  be  found.  The  anterior  pair  of  ambulacral  petals  are  large,  wide,  petaloid, 
situated  in  deep  well-defined  grooves,  and  are  rather  divergent  for  the  genus.  The 
anterior  poriferous  zone  is  bent  with  a  graceful  sigmoid  curve,  and  the  companion 
posterior  zone  is  abruptly  rounded  at  a  short  distance  from  the  apical  disk.  The 
poriferous  zones  in  the  middle  of  the  petal  are  very  broad ;  and  the  pores  are  wide 
apart  and  slit-like :  they  are  indistinctly  conjugate,  and  adjacent  pairs  are  separated  by 
a  very  low  and  scarcely  definite  costa,  which  does  not  appear  to  extend  beyond  the  inner 
half  of  the  zone,  or,  in  other  words,  only  the  inner  series  of  pores  are  separated  by 
it.  The  interporiferous  area  is  much  narrower  than  the  width  of  the  poriferous  zone, 
and  is  devoid  of  ornamentation. 

The  posterior  pair  of  petals  are  small,  elliptical  or  subpyriform  in  outline,  with 
their  outer  extremity  well  rounded,  and  the  apical  extremity  rapidly  contracting  to  a 
point.  The  course  of  the  petal  from  the  apex  towards  the  margin  is  straight,  and  with 
no  tendency  to  flexure,  and  the  petals  are  separated  only  by  the  thin  narrow  ridge  of 
the  odd  posterior  ambulacrum.  The  poriferous  zones  are  similar  in  character  to  those 
of  the  anterior  petals,  but  the  inner  series  of  pores  form  a  straight  line,  whilst  the 
outer  form  the  well-developed  curve  which  defines  the  outline  of  the  petal.  There  are 
19  pairs  of  pores  in  a  zone  of  the  posterior  petals  against  24  pairs  in  the  anterior  petals, 
the  ambulacral  plates  being  smaller  and  the  pairs  of  pores  much  closer  together  in  the 
former. 

The  paired  interradial  areas  have  all  their  plates  on  the  abactinal  surface  more  or 
less  gibbous,  which  produces  a  vertical  series  of  knobby  prominences  in  each  of  the 
columns  of  interambulacral  plates,  and  these  are  most  conspicuous  as  they  approach 
the  ambitus.  On  the  inner  portion  of  the  anterior  interradia  the  two  series  of  promi- 
nences become  merged  into  one  to  form  the  thin,  sharp,  keel-like  ridge  that  separates 
the  odd  anterior  groove  from  the  anterolateral  petal ;  and  at  the  apical  extremity  the 
keel  tapers  off  gradually  to  the  level  of  the  apical  disk.  There  is  a  similar  keel  at  the 
apical  extremity  of  the  lateral  interradia,  but  it  is  short,  narrow,  flat  on  the  upper 
surface,  and  likewise  tapers  down  to  the  level  of  the  apical  disk.  The  keel  of  the  odd 
posterior  intcrradium,  which  is  narrow,  rather  high  and  ridge-like,  gradually  expands 
and  disappears  over  the  summit  of  the  oblique  posterior  truncation.  The  general  area 
of  this  truncation  is  concave,  and  the  margins  on  the  lower  half  are  defined  by 
gibbosities  on  the  plates,  which  are  also  present  on  the  plates  of  the  tumid  inferior 
prominence  beneath. 

The  pcriproct  is  comparatively  small,  vertically  elliptical,  and  is  placed  at  the 
summit  of  the  concave  posterior  truncation. 
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The  peristome  is  very  excentric  in  front ;  the  regions  of  the  ambulacra  on  the 
actinal  surface  are  conspicuously  naked ;  and  the  actinal  plastron  is  more  or  less  tumid, 
and  becomes  gibbous  at  the  culminating  point  posteriorly.  The  figuro  of  the  abactinal 
surface  given  on  the  Plate  is  considerably  restored  from  a  very  badly  crushed  example, 
the  detail  of  which  is  only  preserved  fragmentarily. 

There  are  two  fascioles  present— a  peripctalous  and  a  latero-subanal.  The  peri- 
petalous  fasciole  is  broad,  and  closely  embraces  the  ambulacral  petals,  crossing  the 
anterior  interradia  at  a  short  distance  extenial  to  the  apparent  bifurcation  of  the 
gibbous  keel,  and  bisecting  the  groove  of  the  odd  anterior  ambulacrum  just  before  the 
rounding  of  the  anterior  margin  commences.  The  lateral  fasciole  is  a  very  thin,  narrow 
band,  which  joins  the  peripctalous  fasciole  behind  the  extremity  of  the  antero-latcral 
petals,  crosses  the  lateral  interradia  through  the  two  uppermost  prominent  gibbosities, 
and  passes  thence  beneath  the  periproct,  traversing  the  inferior  margin  of  the  concave 

The  ornamentation  on  the  abactinal  surface  is  uniformly  small,  excepting  along 
the  inner  flanks  of  the  keels  which  bound  the  odd  anterior  groove,  where  some  larger 
tubercles  are  present.  On  all  the  gibbose  plates  of  the  interradia  the  tuberculation  is 
smallest  at  the  summit  of  the  prominence,  aud  increases  in  size  as  it  recedes  therefrom. 
All  the  ornamentation  increases  in  size  and  in  distance  apart  as  it  approaches  the 
ambitus,  especially  in  the  anterior  region ;  and  the  primary  tubercles  become  larger 
and  widely  spaced  on  the  margins  of  the  actinal  surface.  On  the  actinal  plastron  a 
more  or  less  definite  arrangement  of  lines  radiating  from  the  culminating  point  is 
maintained ;  the  size  of  the  tubercles  increasing  as  they  approach  the  peristome,  those 
near  the  culminating  point  being  the  smallest. 

Remarks.  It  is  not  without  hesitation  that  we  have  ranked  this  form  as  a 
Schizaster — the  subcentral  apical  disk,  the  comparatively  divergent  anterior  petals, 
and  the  rather  long  posterior  petals  being  abnormal  for  the  genus.  On  the  other 
hand,  the  deeply  excavated  ambulacra,  the  carinate  keels  of  the  interradia,  the 
character  of  the  ornamentation,  and  of  the  apical  disk  are  all  more  clearly  allied  to 
Schizaster  than  to  JAnthia ;  and  we  have  consequently  placed  the  form  in  accordance 
with  what  seem  to  us  the  sum  of  its  affinities.  In  sequel  to  these  remarks  it  is 
interesting  to  note  that  S.  sgmmetricus  has  rather  a  strong  resemblance  to  Linthia 
Navillei,  described  by  de  Loriol  from  Egypt,  in  so  far  as  the  shape  of  the  test  is 
concerned ;  but  the  Indian  species  differs  in  being  more  depressed,  in  the  shorter  and 
more  precipitous  truncation,  in  the  depth  and  character  of  the  ambulacral  grooves, 
and  in  the  more  excentric  apical  disk.  We  know  of  no  species  with  which  it  can  he 
confounded,  and  it  is  very  distinct  from  the  other  Indian  forms. 

Dimensions.  Length  of  test  30  5  millim.,  breadth  28  millim.,  exact  height  inde- 
terminable. 

Locality.  In  the  Khirthar  series  of  strata :  Eight  or  nine  miles  south  by  west  of 
Jangri,  and  east  of  the  Surjana  range.  Survey-number 
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Illustrations  of  the  Species  in  Plate  XXXVII. 

Fig.  15.  Abactinal  view  of  the  test :  natural  size. 

16.  Actinal  view  of  the  test:  natural  size. 

17.  Longitudinal  profile  of  the  test:  natural  size. 

18.  The  test  seen  from  behind. 

19.  Odd  anterior  ambulacrum :  magnified. 

20.  Portion  of  one  of  the  petaloid  ambulacra :  magnified. 

21.  Apical  disk :  magnified. 

2.  Schizastbb  .- 1  \i r i,  >. vs,  Duncan  de  Sladen.    Plate  XXXIV,  Figs.  15  &  16. 

There  is  a  single  badly-preserved  and  broken  test  of  Sckizaster  in  the  collection, 
which  is  so  well  marked  that  we  have  ventured  to  name  it,  although  the  condition  of 
the  fossil  is  unsuitable  for  description,  and  our  remarks  are  consequently  limited  to 
such  characters  as  may  be  observed. 

The  test  is  of  medium  size,  having  the  marginal  contour  oval,  deeply  indented  in 
front,  and  rather  contracted  posteriorly.  The  apical  disk  is  only  slightly  excentric 
posteriorly.  Seen  in  longitudinal  profile,  the  greatest  height  occurs  near  to  the 
posterior  extremity,  and  the  abactinal  area  slopes  thence  gradually  to  the  compara- 
tively thin  anterior  margin.  The  general  character  of  the  test  is  decidedly  depressed 
for  the  genus,  and  the  margins  are  comparatively  thin  and  almost  angular  in  their 
rounding.  The  groove  of  the  odd  anterior  ambulacrum  is  deep  and  narrow.  The 
anterior  pair  of  petaloid  ambulacra  are  deep,  wide,  and  well  rounded  at  the  outer 
extremity,  and  contract  gradually  at  the  apical  extremity ;  and  the  petals  as  a  whole 
are  comparatively  slightly  curved,  and  rather  widely  divergent.  The  posterior  pair  of 
petals  are  small,  subclliptical  in  outline,  and  only  slightly  divergent,  and  are  separated 
by  the  ridge-like  carination  of  the  odd  posterior  interradium. 

The  anterior  and  the  lateral  interradia  are  not  prominently  keeled,  although  their 
narrowness  at  the  apex,  combined  with  the  depth  of  the  grooves  of  the  petals,  simulate 
that  appearance  near  the  apical  disk.  From  the  point  of  greatest  height  the  odd 
posterior  carination  is  abruptly  rounded  to  the  posterior  extremity,  where  the  test  is 
prominent  and  overhangs  the  periproct.  This  aperture  is  placed  at  the  summit  of  the 
high  posterior  truncation ;  the  area  beneath  is  more  or  less  incurved,  and  the  inferior 
margin  of  the  extremity,  which  is  sharply  rounded,  is  not  quite  vertically  beneath  the 
prominence  of  the  superior  or  dorsal  portion  of  the  extremity,  but  is  slightly  less  pro- 
minent and  nearer  the  centre,  and  the  general  plane  of  truncation  consequently  trends 
inwards.  The  comparatively  broad  actinal  surface  is  more  or  less  tumid  along  the 
longitudinal  line,  the  actinal  plastron  being  convex.  The  peripetalous  fasciole  closely 
embraces  the  ambulacral  petals,  entering  deeply  into  the  lateral  interradia.  The  latero- 
subanal  fasciole  is  very  high  in  position,  passing  with  a  convex  curve  at  a  high  level, 
almost  into  the  interpetalous  area  of  the  lateral  interradia. 

Remarks.  Notwithstanding  the  scanty  details  enumerated  above,  they  are  sufficient 
to  indicate  that  the  Schizaster  in  question  is  clearly  distinct  from  any  of  the  other 
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Indian  forms;  and  although  we  hesitate  from  drawing  definite  comparisons  with 
western  species,  we  venture  to  believe  that  when  more  perfect  specimens  are  studied, 
and  such  comparisons  are  possible,  S.  simulans  will  prove  to  be  readily  distinguishable. 

Dimensions.  Length  of  the  test  40-5  millim.,  breadth  37  millim.,  height  about 
24  5  millim. 

Locality.  In  the  Khirthar  series  of  strata :  Baili,  west  of  Tong.  Survey-number 


3.  Schizaster  Baluchistanknsis,  cCArchiac  &  Haime. 

We  refer  to  this  species  a  single  small  test  of  Schizaster,  the  preservation  of  which 
is,  however,  so  bad  as  to  be  quite  unfitted  for  illustration,  and  the  determination  is 
based  entirely  upon  its  general  form  and  character.  As  the  species  occurs  in  other 
strata,  and  has  been  noticed  by  us  in  the  description  of  the  Fossil  Echinoidea  of  Kaclih 
and  Kattywar,  further  remarks  are  here  unnecessary. 

The  Khirthar  example  is  of  small  size,  its  length  being  about  28  millim. 


locality.  In  the  Khirthar  series  of  strata:  Pujana  lak  (pass),  east  side  of  Hothian 


4.  Schizaster  (1),  sp.    Plate  XXXVI,  Figs.  20  &  21. 

There  is  a  single  badly  preserved  test  in  the  collection  which  is  unquestionably 
distinct  from  any  of  the  other  Indian  Echini,  but  the  condition  of  the  fossil  is  such 
that  any  useful  description  is  impossible,  and  we  arc  in  great  doubt  even  as  to  its 
generic  position.  The  form  has  been  placed  provisionally  as  a  Schizaster  mainly  on 
account  of  the  shortness  of  the  posterior  pair  of  petals  and  the  apparent  trend  of  the 
anterior  pair.  There  appear  also  to  be  indications  suggestive  of  the  former  presence 
of  a  fasciolc  passing  below  the  periproct,  but  this  statement  is  purely  conjectural.  As 
no  useful  remarks  are  possible  on  such  an  unintelligible  fossil,  it  is  obviously  necessary 
to  await  the  receipt  of  more  perfect  specimens  before  any  specific  diagnosis  can  be 
given  ;  meanwhile  the  figures  of  the  fossil  in  question  contained  in  Plate  XXXVI.  will 
serve  for  the  identification  of  the  form. 

Dimensions.  Length  of  the  test  50  millim.,  breadth  45  millim.,  height  32-5  millim. 

Locality.  In  the  Khirthar  scries  of  strata:  About  seven  miles  north-east  of  Bula 
Khan's  Thana.  Survey-number 

Illustrations  of  the  Species  in  Plate  XXXVI. 

Fig.  20.  Abactinal  view  of  the  test:  natural  size. 

21.  Longitudinal  profile  of  the  test :  natural  size. 

There  is  another  test,  equally  indeterminable,  from  the  same  locality ;  it  is  of 


Illustrations  of  the  Species  in  Plate  XXXIV. 

Fig.  15.  Abactinal  view  of  the  test :  natural  size. 

16.  Longitudinal  profile  of  the  test:  natural  Bize. 


Hill.  Survey-number0^?. 
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much  smaller  size,  only  17  mil  lira,  in  length,  and  may  or  may  not  belong  to  the  same 
species.  From  what  can  be  observed  of  its  shape,  however,  we  are  inclined  to  think 
that  it  is  probably  the  young  of  the  same  form  as  the  larger  test  noticed  above. 

Genus  MOIRA,  A.  Agassis,  1872. 

There  is  a  fairly  well-preserved  fragment  of  a  test  unquestionably  belonging  to 
this  genus  included  in  the  collection  of  Echinoidea  from  the  Khirthar  series  of  strata 
in  Sind.  From  the  appearance  of  the  matrix,  however,  we  have  very  strong  doubts  as 
to  the  accuracy  of  the  assignment  of  this  fossil  to  the  Nummulitic  series,  and  would 
urge  caution  before  it  is  definitely  included  as  a  member  of  the  Khirthar  fauna.  If, 
however,  the  horizon  accredited  to  the  specimen  under  notice  be  correct,  this  fragment 
is  interesting  as  being  the  earliest  representative  of  the  genus  with  which  we  are 
acquainted. 

A  species  of  Moira  (M.  antique,  nobis)  occurs  abundantly  in  the  Miocene  strata  of 
Kachh,  and  has  recently  been  described  by  us  in  our  work  on  the  Tertiary  Fossil 
Echinoidea  of  that  province.  The  present  form  is  specifically  distinct;  but  we  are 
unfortunately  unable  to  furnish  a  complete  diagnosis,  as  little  more  than  one  side  and 
a  portion  of  the  abactinal  surface  of  our  specimen  remains.  Our  description  is  neces- 
sarily limited  to  the  few  striking  characters  preserved,  and  is  in  a  large  measure 
comparative,  having  reference  to  the  Miocene  form. 

1.  Moira  priileva,  Duncan  &  Sladen.    Plate  XXXV,  Figs.  1-3. 

Test  rather  small,  marginal  contour  decidedly  oviform ;  the  test  being  longer  and 
more  contracted,  and  more  definitely  pointed  posteriorly  than  in  M.  antiqua.  Further- 
more the  test  is  not  so  widely  expanded  laterally  behind  the  anterior  petals,  and  is 
more  gradually  contracted  anteriorly.  The  dorsal  height  appears  to  be  less,  and  the 
curvature  of  the  abactinal  surface  less  bombous  in  its  slope  to  the  anterior  margin, 
which  is  comparatively  sharp  and  angular.  The  odd  anterior  ambulacrum  forms  a 
very  deep  pit  in  front  of  the  apical  disk ;  and  the  upper  margins  of  the  groove  are 
comparatively  wide  apart,  and  appear  to  be  less  contracted  as  they  approach  the  apex 
than  is  the  case  in  the  Kachh  form. 

The  grooves  of  the  lateral  petals  arc  very  narrow  and  slit-like,  and  do  not  become 
wider  at  their  distal  extremity.  The  posterior  pair  appear  to  be  proportionately  longer 
in  relation  to  the  anterior  pair  than  in  M,  antiqua.  Both  pairs  of  petals  are  also  rather 
more  divergent, — the  anterior  pair  of  grooves  subtending  an  angle  of  about  108°,  and  the 
posterior  one  of  about  50°. 

The  characteristic  lineal  ornamentation  of  the  genus  is  well  preserved  in  our 
specimen,  and  it  is  small  and  homogeneous. 

Dimensions.  The  length  of  the  test  is  24  millim.,  and  the  height  about  17  millim. 

Locality.  In  the  Khirthar  series  of  strata  (f):  Twenty-four  miles  west  of  Kotri 
(entering  the  hills  on  the  road  to  Bula  Khan's  Thana).  Survey-number0^. 
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(The  matrix,  which  is  arenaceous  and  of  a  grey  colour,  is  altogether  different 
from  that  of  any  of  the  large  series  of  specimens  obtained  from  this  locality ;  and  it 
appears  almost  unquestionable  that  the  assignment  of  this  specimen  to  the  Khirthar 
series  results  from  an  accident  in  labelling.) 

must  rations  of  the  Species  in  Plate  XXXV. 

Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Longitudinal  profile  of  the  test :  natural  size. 

3.  Ornamentation  of  the  plates  in  the  lateral  interradium :  magnified. 

Genus  BRISSOPATAGUS,  Cotteau,  1863. 

Test  of  medium  size,  oval,  moderately  inflated  above,  almost  flat  beneath,  sub- 
rarinate  in  the  posterior  region. 

Ambulacral  summit  excentric  in  front  Anterior  sulcus  not  defined  on  the  dorsal 
surface,  but  tolerably  deep  near  the  ambitus.  Anterior  pair  of  petals  short,  widely 
divergent,  curved,  situated  in  wide  subcircular  depressions,  which  thin  out  anteriorly. 
Posterior  ambulacra  more  elongate,  almost  straight,  subtending  an  acute  angle. 

Peristome  execntric  in  front,  semicircular. 

Periproct  elliptical,  opening  on  the  posterior  extremity. 

Fasciolcs  ? 

This  remarkable  genus,  which  was  established  by  Cotteau  for  the  reception  of 
two  species — one  from  the  Nummulitic  Btrata  of  Biarritz  and  the  other  from  Java,  is 
especially  characterized  by  the  peculiar  curvature  of  the  anterior  pair  of  petals,  and  by 
their  position  in  wide,  subcircular,  shallow  depressions  or  concavities  of  the  test.  A 
third  species  has  subsequently  been  described  by  Dames  from  the  neighbourhood  of 
Verona. 

The  fossil  from  the  Khirthar  series  of  strata  of  Sind,  which  we  are  about  to  notice, 
accords  in  all  points  with  the  generic  diagnosis  defined  by  Cotteau,  but  unfortunately 
our  example  has  suffered  great  damage  from  weather  action,  and  the  specific  description 
which  we  arc  able  to  furnish  is  consequently  in  some  respects  imperfect. 

1.  BBI880PATAOUS  Sikdensis,  Duncan  &  Sladen.    Plate  XXXVIII,  Figs.  19-21. 

Test  of  medium  size,  elongate ;  marginal  contour  a  subpyriform  heart-shape,  faintly 
indented  anteriorly,  the  greatest  breadth  across  a  line  lying  in  front  of  the  centre,  thence 
tapering  considerably  to  the  subrostrate  posterior  extremity.  The  greatest  breadth  is 
about  four  fifths  of  the  length,  or  in  the  proportion  of  0*79 : 1.  Abactinal  surface 
subdeprcssed,  flatly  convex,  arching  from  the  rather  abruptly  rounded  margins.  The 
odd  posterior  interradium  is  tumidly  subcarinate,  and  the  greatest  height  of  the  test 
lies  at  a  point  midway  between  the  outer  extremities  of  the  posterior  petals  and  verti- 
cally over  the  culminating  point  of  the  actinal  plastron,  the  prominence  of  the  latter 
greatly  augmenting  the  measurement,  the  height  being  here  proportional  to  the  length 
as  0-45: 1. 

The  apical  disk  is  execntric  in  front,  its  distance  from  the  anterior  margin  being 
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about  three  eighths  of  the  length  of  the  test.  All  structure  has  entirely  disappeared, 
the  test  being  very  thin,  and  this  portion  is  unfortunately  quite  worn  away. 

The  groove  of  the  odd  anterior  ambulacrum  is  not  defined  until  some  distance 
away  from  the  apical  disk  ;  it  then  gradually  presents  itself  as  a  wide,  shallow,  depressed 
tract,  which  faintly,  but  distinctly,  indents  the  anterior  extremity,  dying  out  just 
below  the  ambitus,  and  not  being  continued  on  the  actinal  surface ;  its  floor  appears  to 
have  been  naked,  or  with  very  minute  granulation.  The  anterior  pair  of  petals  are 
short,  very  widely  divergent,  of  nearly  uniform  breadth  throughout,  and  their  course  is 
conspicuously  curved,  forming  a  distinct  arc  with  the  convexity  backwards;  each  petal 
is  situated  in  a  shallow  subtriangular  depression,  or  concavity  of  the  test,  which  extends 
over  more  than  half  of  the  anterior  interradium,  thinning  out  gradually  towards  the 
front  and  the  margin,  and  the  deepest  part  being  defined  by  the  curved  line  of  the 
petal.  The  poriferous  zones  are  broad,  nearly  uniform  in  breadth  throughout,  and  run 
parallel  with  one  another ;  the  pores  are  equal,  transversely  oval,  wide  apart,  and  united 
by  an  indistinct  conjugating  furrow;  the  divisional  septa,  which  are  comparatively 
broad,  bore  a  few  minute  miliary  granules  in  transverse  line.  The  interporifeous  area 
is  of  uniform  breadth  throughout,  and  is  narrower  than  the  distance  of  the  pores  apart 
in  the  poriferous  zone.  The  posterior  petals  are  longer  than  the  anterior  pair,  are 
straight  in  their  course  from  the  apex  towards  the  margin,  and  subtend  an  angle  of 
about  42°;  they  are  of  almost  uniform  breadth  throughout,  which  is  equal  to  that  of 
the  anterior  pair  of  petals;  the  poriferous  zones,  which  are  of  uniform  breadth 
throughout,  run  parallel  to  one  another,  and  their  structure  is  similar,  and  equal  in 
all  respects,  to  that  of  the  anterior  pair  of  petals.  The  posterior  petals  are  situated  in 
shallow  depressions  of  the  test,  which  extend  and  die  out  on  the  lateral  interradia,  and 
are  perhaps  somewhat  less  definite  than  those  in  which  the  anterior  pair  of  petals  are 
placed. 

The  anterior  interradial  areas  appear  tumid,  or  even  with  a  tendency  to  become 
subcarinate  in  their  anterior  zone  which  intervenes  between  the  odd  anterior  groove 
and  the  concavity  of  the  test  in  which  the  antero-lateral  petal  is  placed.  The  odd 
posterior  interradium  is  decidedly  tumid,  forming  a  low,  widely  expanded  subcarinate 
prominence  along  the  median  line,  which  slopes  down  to  the  depressed  areas  of  the 
postero-lateral  petals,  and  in  the  posterior  portion  down  to  the  margin. 

The  peristome  is  rather  small,  bilabiate,  with  the  posterior  lip  tumid,  and  its 
position  is  very  excentric  anteriorly. 

The  periproct  is  situate  at  the  summit  of  the  narrow  posterior  truncation,  is  com- 
paratively large,  and  vertically  subelliptical. 

The  actinal  plastron  develops  a  low  angular  carination  along  the  median  line,  which 
reaches  a  culminating  point  at  about  two  thirds  of  the  distance  from  the  peristome  to 
the  posterior  extremity,  and  is  thence  faintly  continued  along  this  secondary  or  pseudo- 
subanal  plastron,  dying  out  entirely,  however,  at  the  rounding  which  takes  place  at  the 
inferior  margin  of  the  posterior  truncation.  The  secondary  plastron  is  remarkable,  and 
wholly  actinal  in  position ;  on  either  side  are  included  six  or  more  pairs  of  ambulacral 
pores,  from  which  may  be  inferred  the  former  presence  of  a  subanal  fasciole,  although 
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no  traces  of  such  a  band  arc  discernible  in  our  specimen.  There  appear  to  have  been 
very  broad  naked  areas  corresponding  to  the  postero-lateral  ambulacral  areas  on  either 
side  of  the  plastron. 

The  ornamentation  of  the  test  is  all  more  or  less  destroyed ;  that  on  the  abactinal 
surface  generally  appears  to  have  been  small  and  homogeneous  in  character,  whilst  that 
of  the  actinal  area  consisted  of  larger  and  more  isolated  tubercles  in  large  scrobicules, 
with  a  few  minute  miliary  granules  in  the  interspaces.  Within  the  depressed  areas, 
wherein  the  petaloid  ambulacra  arc  placed,  there  are  the  remains  of  a  few  very  large 
primary  tubercles,  probably  three  or  four  in  each,  and  no  other  similar  ones  are 
present  elsewhere  on  the  test. 

In  one  of  the  lateral  interradia  there  is  a  mark  which  occupies  the  probable 
position  of  a  peripetalous  fasciole,  but  whether  such  a  structure  was  originally  present 
we  are  quite  unable  to  determine. 

Remarks.  Whilst  the  Indian  form  above  described  agrees  in  every  particular  with 
the  generic  diagnosis  formulated  by  Cotteau  for  Brissopatagtu,  it  differs  considerably 
and  unmistakably  from  each  of  the  three  species  at  present  included  therein. 
B.  Sindensis  is  readily  distinguished  from  B.  Caumonti,  Cotteau,  by  the  more  elongate 
and  posteriorly  tapering  test,  by  the  wide  and  more  shallow  anterior  groove,  and  by 
the  more  elongate  petals,  as  well  as  by  the  different  ornamentation  of  the  test.  From 
B.javanirus,  Cotteau,  the  shape  of  the  test  and  the  proportions  and  character  of  the 
ambulacra  are  alone  sufficient  to  separate  the  Khirthar  species.  Finally,  in  B.  Beyrichi, 
Dames,  the  form  of  the  test  and  position  and  relative  proportions  of  the  anterior  and 
posterior  pairs  of  petals  clearly  indicate  that  the  two  species  are  undoubtedly  distinct ; 
although  it  seems  probable  that  the  Veronese  form  is  the  nearest  ally  of  our  Indian 
example.  Dames  defines  a  well-marked  peripetalous  fasciole  in  his  form,  but  in  the 
two  species  studied  by  Cotteau  there  is  no  indication  of  the  presence  of  any  fasciole*; 
whilst  in  none  of  the  three  species  has  a  subanal  fasciole  been  observed.  From  the 
foregoing  remarks  it  will  be  seen  that  Brissopatayus  Sindensis  may  or  may  not  have 
had  a  peripetalous  fasciole,  but  that  there  is  evidence,  which  almost  amounts  to  con- 
firmation,  that  a  subanal  fasciole  was  present. 

Dimensions.  Length  of  the  test  39  millim.,  breadth  31  millim.,  height  17*5  millim. 

Locality.  In  the  Khirthar  series  of  strata:  Baili,  west  of  T6ng.  Survey-number 
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Large  Urchins  well  characterized  by  the  presence  of  peripetalous,  internal,  and 
subanal  fascioles.  There  are  large  tubercles  with  deep  scrobicules  limited  by  the  peri- 
petalous fasciole,  but  not  in  the  posterior  interambulacrum.    The  internal  fasciole  crosses 


Illustrations  of  the  Species  in  Plate  XXXVIII. 


Fig.  19.  Abactinal  view  of  the  test:  natural  size. 

20.  Actinal  view  of  the  test :  natural  size. 

21.  Longitudinal  profile  of  the  test :  natural  size. 


Genus  BItEYNIA,  Desor,  1847. 
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the  four  petals,  and  their  pores  within  its  area  differ  from  those  without  and  may 
disappear. 

1.  Bheynia  carinata,  d'Archiac  &  Haime. 

There  is  a  single  badly  preserved,  crushed,  and  almost  unrecognizable  specimen  of 
this  species  included  amongst  the  collection  of  Khirthar  Echini  from  Sind,  respecting 
which,  however,  we  have  grave  doubts,  on  account  of  the  nature  of  its  matrix,  as  to  the 
accuracy  of  its  being  referred  to  the  Khirthar  series  of  strata.  The  fossil  probably 
belongs  to  a  higher  horizon,  and  was  included  in  the  collection  under  notice  by  mistake. 
As  Breynia  carinata  occurs  in  higher  beds  in  Sind,  and  is  there  found  in  a  perfect  state 
of  preservation,  we  reserve  any  further  remarks  upon  the  species  until  a  subsequent 
fasciculus,  when  dealing  with  the  form  from  its  authenticated  horizon.  We  have  pre- 
viously noticed  the  species  when  describing  the  Echinoidea  from  Kachh.  The  present 
example  is  wholly  unfitted  for  illustration,  and  almost  worthless  in  a  morphological 
point  of  view. 

Locality.  Accredited  (probably  by  mistake)  to  the  Khirthar  series  of  strata. 
West  side  of  Bhago-Thoro  Hill,  south  of  Sehwan.    Survey-numher  -J?5- 

Genus  MACROPNEUSTES,  Agassiz,  1847. 

Test  of  large  or  medium  size,  more  or  less  inflated,  cordiform ;  anteal  sulcus  scarcely 
perceptible,  except  at  the  ambitus. 

Ambulacral  summit  subcentral  or  excentric  in  front.  Apical  disk  compact ;  four 
generative  plates,  with  the  central  madreporiform  body  narrow  and  elongate.  Odd 
anterior  ambulacrum  different  from  the  others,  formed  of  simple  and  very  small  pores. 
Paired  ambulacra  petaloid,  elongate,  sometimes  more  or  less  excavated,  the  posterior 
pair  usually  rather  longer  than  the  anterior. 

Peristome  bilabiate,  excentric  in  front. 

Periproct  at  the  summit  of  the  posterior  extremity. 

Tubercles  very  unequal,  the  large  ones  isolated,  prominent,  and  confined  to  the 
abactinal  surface,  the  general  tuberculatum  of  the  test  being  small  and  crowded. 
One  fasciole,  peripetalous,  which  does  not  always  limit  the  large  tubercles. 

1.  Macropkkustes  8PKC10SU8,  Duncan  <£•  Slaien.   Plate  XXXVIII,  Figs.  1-6. 

Test  of  large  size.  Marginal  contour  elongately  oval,  slightly  indented  anteriorly, 
rather  more  contracted  and  less  fully  rounded  posteriorly.  The  greatest  breadth  is 
median,  and  is  a  little  more  than  four  fifths  of  the  length,  or  in  the  proportion  of 
0  83 : 1.  The  abactinal  surface  is  depressed,  with  its  curvature  regularly  convex, 
springing  from  the  comparatively  thin,  abruptly  rounded  margins,  uniformly  all  round 
the  test.  The  greatest  height  of  the  test  is  excentric  posteriorly,  but  not  to  a  very  great 
degree;  consequently  when  the  low  dorsal  convex  curve  is  seen  in  longitudinal  profile 
the  posterior  slope  is  shorter  and  rather  more  inclined  than  the  anterior ;  the  greatest 
height  is  exactly  two  fifths  of  the  length.    The  actinal  surface  is  almost  flat 
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The  apical  system  is  exeentric  in  front,  its  distance  from  the  anterior  margin  being 
rather  more  than  one  third  of  the  length,  or  in  the  proportion  of  0-38  :  1.  The  four 
generative  pores  are  rather  closely  placed,  and  the  anterior  and  the  posterior  pair  arc 
equidistant.  The  odd  anterior  ocular  plate  is  placed  between  the  anterior  generative 
plates,  and  is  smalL  The  lateral  ocular  plates  are  much  larger  and  subpentagonal ; 
the  anterior  pair  are  placed  in  the  angle  formed  by  the  junction  of  the  anterior  and 
posterior  generative  plates,  and  the  posterior  pair  are  placed  immediately  behind  the 
posterior  generative  plates,  and  are  separated  by  the  considerable  posterior  extension 
of  the  central  madreporiform  body.    The  ocular  foramina  are  microscopic. 

The  odd  anterior  ambulacrum  is  straight  or  slightly  flexuous  in  its  course  ;  and  the 
antcal  sulcus  is  not  apparent  until  near  the  margin,  increasing  gradually  in  depth  and 
breadth,  and  indenting  the  anterior  extremity  with  a  wide,  but  rather  shallow,  indenta- 
tion, which  terminates  rather  abruptly  on  the  anterior  interradia  as  seen  from  above. 
The  poriferous  zones  are  nearly  parallel,  and  are  composed  of  pairs  of  very  minute  pores 
obliquely  placed,  and  rather  wide  apart  from  neighbouring  pairs ;  the  interporiferous 
area  is  flat,  narrow,  and  of  nearly  uniform  breadth  throughout,  excepting  near  the  apex, 
and  is  ornamented  with  numerous  definite  and  rather  isolated  miliary  granules. 

The  anterior  pair  of  petals  are  nominally  flush  with  the  surface  of  the  test, 
although  the  depression  of  the  poriferous  zones  in  slight  channels  gives  a  rather  promi- 
nent appearance  to  the  interporiferous  areas;  they  are  very  long,  and  extend  close  to 
the  ambitus,  widely  divergent,  subtending  an  angle  of  about  150°.  Excepting  at  the 
proximal  and  distal  extremities  of  the  petals,  the  poriferous  zones  run  parallel  to  one 
another.  At  the  apical  extremity  the  anterior  zone  of  the  petal  converges  gradually, 
forming  a  graceful  curve ;  whilst  the  posterior  zone  is  nearly  straight  in  its  course,  its 
convergence  being  scarcely  perceptible.  At  the  outer  extremity  of  the  petal  it  is  the 
posterior  zone  which  converges,  and  forms  the  slight  attenuation  at  the  extremity,  whilst 
the  companion  anterior  zone  remains  straight.  In  this  manner  there  is  a  slightly  sigmoid 
character  given  to  the  petal,  although  its  course,  as  a  whole,  might  be  said  to  be  straight 
from  the  apex  towards  the  margin.  The  poriferous  zones  are  rather  broad  and  of 
uniform  breadth  throughout,  excepting  at  the  extremities,  where  their  attenuation 
emphasizes  very  largely  the  curved  character  above  noticed  ;  at  the  apical  extremity 
6  to  8  pairs  of  pores  in  each  zone  are  so  small  as  to  appear  almost  aborted.  The  inner 
pores  are  transversely  oval,  and  the  outer  to  a  much  greater  degree,  almost  appearing 
slit-like,  and  with  a  tendency  to  become  pyriform ;  the  pairs  are  united  by  a  conju- 
gating groove,  and  adjacent  pairs  are  separated  by  thin  well-defined  divisional  costa 
ornamented  with  a  single  line  of  miliary  granules.  The  interporiferous  area  is  a  little 
wider  than  the  poriferous  zone,  and  is  ornamented  with  small  definite  and  rather  widely 
spaced  miliary  granules  of  two  sizes,  indiscriminately  mixed,  the  whole  having  a  very 
homogeneous  appearance  when  seen  with  the  naked  eye.  The  posterior  pair  of  petals 
are  longer  than  the  anterior  pair,  and  like  them  extend  nearly  to  the  ambitus ;  their 
course  is  straight  from  the  apex  towards  the  margin,  and  they  subtend  an  angle  of 
about  47°.  Their  breadth  is  equal  to  that  of  the  anterior  pair,  and  their  character 
and  structure  are  similar,  the  terminal  curvature,  however,  of  the  respective  zones  being 
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less  pronounced.  The  odd  posterior  interradium  is  distinctly  tumid  in  its  median 
portion. 

The  peristome  is  large,  bilabiate,  excentric  in  front,  and  to  a  greater  degree  than 
the  apical  system.  The  anterior  margin  is  the  arc  of  a  transverse  oval,  and  the  posterior 
lip  is  prominent.  A  wide,  but  shallow  groove  is  continued  from  the  indentation  of  the 
anteal  sulcus  at  the  margin  up  to  the  peristome,  in  which  the  odd  anterior  ambulacrum 
is  placed ;  aud  there  is  also  a  slight  troughing  near  the  peristome  in  the  region  of  the 
anterolateral  ambulacral  areas,  the  poriferous  zones  of  these  latter  diverging  slightly 
as  they  approach  the  aperture. 

The  poriproct  is  very  large,  subcircular,  and  occupies  the  whole  of  the  depth  of  the 
small  vertical  truncation  of  the  posterior  extremity. 

The  ornamentation  is  striking  and  greatly  developed.  It  consists  of  two  sizes  of 
tubercles— one  large  and  the  other  small.  The  large  primary  tubercles,  which  are  per- 
forate, crcnulate,  and  placed  in  slightly  sunken  circular  scrobicules,  are  confined  to  the 
abactinal  surface,  and  are  all  within  the  bounds  of  the  peripetalous  fasciole ;  they  stand 
on  each  of  the  intcrradial  plates  in  a  regular  line  parallel  with  the  aboral  margin  of  the 
plate,  and  consequently  obtusely  angulated ;  on  the  plates  near  the  ambitus  about  a 
dozen  arc  present,  and  the  number  decreases  on  successive  plates  as  these  latter  diminish 
in  width  as  they  approach  the  apex.  Each  column  of  the  interradia  is  thus  furnished 
with  a  series  of  obtusely  angulated  lines  of  primary  tubercles.  On  each  plate,  beneath 
the  line  of  large  primary  tubercles,  there  arc  a  number  of  very  small  tubercles,  perforate 
and  in  small  scrobicules;  and  the  whole  of  the  intermediate  parts  of  the  plate  are 
occupied  by  small,  uniform,  miliary  granulation  rather  distinctly  spaced.  At  the 
ambitus  and  outside  the  latero-peripetalous  fasciole  and  at  the  margin  of  the  actinal 
surface  the  tuberculation  is  small  and  crowded.  On  the  actinal  surface  proper  the 
primary  tubercles  are  large  and  well  spaced,  in  slightly  sunken  scrobicules  presenting 
frequently  an  upturned  disk-margin  at  one  side,  the  intermediate  spaces  being  orna- 
mented by  very  small,  uniform,  and  closely  placed  miliary  granules,  of  which  there  are 
seldom  more  than  one  series  round  the  margin  of  each  scrobicule,  and  with  a  few 
additional  in  the  angular  interspaces.  The  posterior  ambulacral  areas  on  either  side  of 
the  actinal  plastron  are  broad,  and  devoid  of  large  primary  tubercles,  but  closely 
covered  with  small  granulation. 

There  is  a  very  narrow,  but  distinct,  latero-peripetalous  fasciole  encircling  the 
ambitus,  or  only  very  slightly  above,  and  consequently  of  the  widest  extent  possible  on 
the  test,  without  encroaching  on  the  actinal  surface.  No  trace  of  a  subanal  fasciole  is 
discernible ;  and  furthermore  the  form  of  the  test  does  not  lead  to  the  suspicion  of  such 
a  structure  having  ever  existed  in  the  Spatangoid  under  notice. 

Remarks.  This  handsome  species  is  readily  distinguished  from  all  other  Khirthar 
Spatangoids.  Its  facies,  as  determined  by  the  numerous,  prominent,  and  regularly 
arranged  primary  tubercles  of  the  abactinal  surface  and  the  character  of  the  ambulacral 
petals,  is  very  unlike  that  of  any  Empatangus ;  and  on  these  grounds  we  have  placed  ic 
iu  the  genus  Macropneustea,  notwithstanding  the  fact  that  the  preservation  oi  our 
specimen  unfortunately  does  not  tnable  a  positive  observation  to  be  made  as  to  whether 
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a  subanal  fasciole  was  present  or  not.  The  form  of  the  test,  however,  in  that  region 
appears  to  preclude  the  supposition  of  its  existence  entirely. 

Dimensions.  Length  of  the  test  70  millim.,  breadth  58'5  raillim.,  height  28  millim., 
breadth  of  the  postero-lateral  petal  6  5  millim. 

Localities.  In  the  Khirthar  series  of  strata: — i.  Dharan  pass,  near  Laki.  Survey- 
number  °f°. 

ii.  Uncertain  (purchased  with  others),  said  to  be  from  Jakhmari,  or  from  Teyon, 
Laki  range.  Survey-number 

iii.  Uncertain  (purchased),  said  to  be  near  Jakhmari,  Laki  range.  Survey- 
number 

iv.  Said  to  be  from  near  Jhirak  (Jerruck)  (presented),  exact  locality  unknown. 
Survey-number  <^|5. 


2.  Macsopxkustes  itOTimnus,  Duncan  <£•  Sladen.    Plate  XXXVIII,  Figs.  6  &  7. 

Test  of  medium  size,  depressed.  Marginal  contour  rotundly  oval  or  subcordiform, 
well  rounded  and  very  faintly  indented  anteriorly,  more  contracted  posteriorly  and 
broadly  truncate.  The  greatest  breadth  is  slightly  excentric  in  front,  and  is  propor- 
tional to  the  length  as  0  9 :  1.  The  margins  arc  well  rounded  and  rather  tumid.  The 
abactinal  surface  is  regularly  convex,  and,  as  far  as  can  be  ascertained  from  the  specimen 
under  notice,  was  probably  highest  posteriorly.  The  actinal  surface  has  a  slight  tumid 
character  in  consequence  of  a  little  depression  round  the  peristome  and  the  well-rounded 
margins;  the  actinal  plastron  is  also  rather  tumid. 

The  apical  disk  is  excentric  in  front,  its  distance  from  the  anterior  margin  being  a 
little  more  than  one  third  the  length  of  the  test.  All  details  obscured.  The  anterior 
pair  of  petals  are  comparatively  shorter  than  in  the  preceding  species,  and  have  a  some- 
what more  pefaloid  appearance  in  consequence  of  the  greater  curvature  of  the  posterior 
zone  as  compared  with  the  anterior  one.  The  poriferous  zones,  which  are  broad  but 
diminish  considerably  at  cither  extremity,  are  placed  in  shallow  grooves  of  the  test ;  the 
inner  series  of  pores  are  elongately  oval  transversely,  and  the  outer  series  slit-like,  and 
united  by  a  conjugating  furrow.  The  interporiferous  area  is  narrower  than  a  poriferous 
zone,  and  appears  to  be  slightly  raised  or  tumid  in  consequence  of  the  depressions  in 
which  the  poriferous  zoues  are  placed  ;  its  ornamentation  is  obliterated.  The  anterior 
pair  of  petals  are  very  widely  divergent,  and  subtend  an  angle  of  about  160°.    The  odd 


Illustrations  of  the  Species  in  Plate  XXXVIII. 


Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Longitudinal  profile  of  the  test :  natural  size. 

3.  The  apical  disk :  magnified. 

4.  Portion  of  the  odd  anterior  ambulacrum :  magnified. 

5.  Portion  of  the  antero-lateral  ambulacrum :  magnified. 


OF  WESTERN  SIND. 


233 


anterior  ambulacrum  is  scarcely  discernible,  and  no  groove  is  developed  until  close  to 
the  margin,  where  there  is  a  wide  but  very  shallow  indentation  of  the  test,  which 
extends  to  the  middle  of  the  anterior  column  of  the  anterior  interradia,  along  which 
there  is,  moreover,  a  faint,  but  distinctly  perceptible,  trace  of  carination.  The  pores 
are  very  minute  and  wide  apart.  The  posterolateral  petals  are  unfortunately  obscured. 

The  large  tubercles  of  the  abactinal  surface  are  numerous,  uniform,  and  prominent, 
and  are  arranged  in  lines  parallel  with  the  outline  of  the  plates,  and  consequently 
obtusely  angulated,  as  in  the  preceding  species,  the  number,  however,  being  less. 
There  were  also  probably  a  few  small  tubercles  amongst  the  miliary  granulation  of  the 
plates,  and  it  may  be  noticed  that  the  tubercles  generally  diminish  in  size  as  they  approach 
the  margin.  On  the  actinal  surface  the  tubercles  are  large  and  distinct,  and  there  is  a 
tendency  to  assume  a  lineal  arrangement  in  the  lateral  regions. 

The  laterc-peripctalous  fasciole  is  of  wide  extent,  placed  at  the  very  margin  of  the 
test,  just  above  the  ambitus,  in  the  anterior  and  lateral  portions  of  the  test ;  on  the 
posterior  half  of  the  lateral  interradia  it  leaves  this  extreme  marginal  position  and 
encroaches  on  the  abactinal  surface  slightly.  Consequent  on  its  marginal  position  the 
distance  of  the  fasciole  from  the  extremity  of  the  anterolateral  petals  is  compara- 
tively great.  The  fasciolar  band  is  very  narrow,  and  there  do  not  appear  to  be  any 
large  tubercles  outside  its  limits — a  circumstance  almost  obviously  dependent  on  its 
marginal  position  both  in  this  and  the  preceding  species.  We  can  detect  no  trace  of 
any  subanal  fasciole,  and  from  the  nature  of  the  tuberculation  that  remains  on  the 
fragmentary  portions  of  that  region  preserved  in  our  specimen,  we  are  led  to  infer  that 
no  fasciole  was  originally  present. 

Remarks.  Notwithstanding  the  very  bad  state  of  preservation  of  the  fossil  under 
notice,  and  the  consequent  imperfection  of  the  above  description,  the  form  is  readily 
distinguishable  from  its  associates,  and,  as  far  as  we  are  aware,  from  the  other  species 
of  the  group.  Owing  to  the  uncertainty  respecting  the  presence  of  a  subanal  fasciole, 
we  felt  some  hesitation  as  to  whether  this  form  was  really  a  Macropneiistes  or  should 
instead  be  placed  as  a  Kuspatangus.  The  inferred  absence  of  that  structure,  and  the 
character  of  the  abactinal  tuberculation,  determined  our  opiuion  in  regarding  it  as 
belonging  to  the  former  genus,  the  primary  tubercles  being  more  numerous,  more  pro- 
minent, and  in  less  definite  scrobicules  than  arc  normally  found  in  Euspatangus. 

Dimensions.  Length  of  the  test  33  milliin. ;  breadth  30  millim. ;  height,  measured 
at  the  apical  disk,  13  5  millim.  (the  greatest  height  is  probably  situated  in  the  posterior 
interradium ;  but  as  that  portion  of  the  test  is  covered  with  matrix,  no  measurements 
are  possible). 

Locality.  In  the  Khirthar  scries  of  strata.  Teyon  (or  Tiyun),  east  of  Chorla 
Survey-number 

Illustrations  of  the  Species  in  Plate  XXXVIII. 

Fig.  6.  Abactinal  view  of  the  test:  natural  size. 
7.  Actinal  view  of  the  teat:  natural  size. 
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Genus  PERIPNEUSTES,  Cotteau,  1875. 

Test  of  large  or  medium  size,  elongate,  inflated,  more  or  less  cordiform.  An  teal 
sulcus  deep,  deeply  indenting  the  margin. 

Ambulacral  summit  execntric  in  front.  Apical  disk  compact,  with  four  generative 
pores.  Odd  anterior  ambulacrum  different  from  the  others,  formed  of  small  and  simple 
pores.  Paired  ambulacra  petaloid,  narrow,  very  elongate,  excavated,  nearly  equal  in 
length,  the  posterior  pair,  however,  being  sometimes  a  little  longer.  Poriferous  zones 
composed,  on  the  apical  portion,  of  small  round  pores,  which  become  wider,  subtrans- 
verse,  and  united  by  conjugating  furrows  as  they  recede  from  the  apex. 

Peristome  bilabiate,  excentric  in  front. 

Periproct  large,  oval  at  the  summit  of  the  posterior  extremity. 

Tubercles  of  two  kinds,  one  large,  scrobiculate,  isolated,  confined  within  the 
boundary  of  the  peripetalous  fasciole,  the  general  tuberculation  of  the  test  being 
crowded  and  homogeneous. 

Two  fasciolcs:  peripetalous  and  subanal ;  the  peripetalous  fasciole  being  extensive, 
angular,  and  sinuous ;  the  subanal  annular. 

1.  Pekipsecstes,  sp.    Plate  XXXVI,  Figs.  18  &  19. 

Two  Spatangoid  tests,  the  preservation  of  which  is  unfortunately  so  very  unsatis- 
factory that  even  their  generic  determination  is  open  to  doubt,  arc  referred  by  us  to 
Peripneuxtes.  They  are  characterized  by  the  deeply  indented  anteal  sulcus;  by  the 
long,  narrow,  paired  ambulacra,  placed  in  well-defined  grooves ;  by  the  large,  isolated 
primary  tubercles  confined  to  the  interradia  within  the  boundary  of  the  peripetalous 
fasciole ;  and  by  the  presence  of  a  subanal  fasciole.  The  poriferous  zones  in  the  left 
antero-lateral  petal  run  nearly  parallel,  and  the  width  of  the  intcrporiferous  area  is  less 
than  that  of  a  poriferous  zone.  The  larger  primary  tubercles  within  the  peripetalous 
fasciole  have  small  perforated  mamclons,  subcorneal  bosses,  deeply  crenulatc  and  large, 
circular,  slightly  sunken  scrobicules.  The  size  of  the  primary  tubercles  is  irregular, 
that  of  the  miliary  granulation  very  small  and  uniform.  The  peripetalous  fasciole  is 
broad  and  well  marked ;  it  is  sharply  angulated  in  the  anterior  interradia,  and  is  slightly 
incurved  from  a  straight  line  between  the  extremities  of  the  antcro-  and  postero-lnteral 
petals.  The  subanal  fasciole  appears  to  have  been  very  large  and  probably  subreniform 
in  shape.  The  anteal  sulcus  is  continued,  from  the  ambitus  on  the  actinal  surface,  up 
to  the  peristome,  as  a  well-defined  and  rather  narrow  trough ;  and  the  posterior  ambu- 
lacral regions  which  bound  the  actinal  plastron  are  very  broad  and  covered  only  with 
minute  granulation.  There  is  a  faint  gibbosity  on  each  of  the  plates  of  the  anterior 
interradia  above  the  ambitus,  and  indications  of  a  tendency  towards  a  similar  structure 
are  discernible  in  the  lateral  interradia,  but  the  character  is  much  less  developed  there 
than  in  the  anterior  interradia. 

As  no  other  observations  can  be  made  on  the  specimens  at  our  disposal,  it  is 
obvious  that  better  material  is  needed  before  a  specific  diagnosis  can  be  formulated. 
The  two  specimens  arc  from  different  localities,  but  we  believe  that  both  belong  to 
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the  same  species;  the  best-preserved  example  has  been  drawn  to  facilitate  future 
identification. 

Dimensions.  Length  of  the  test  about  58  millira.,  breath  about  50  millim.,  height 
about  30  millim. 

Localities.  In  the  Khirthar  series  of  strata: — L  Dharan  pa&3  (east  side),  near  Laki. 
Survey-number  - 

ii.  Picked  up  on  the  east  side  of  the  Shum  valley,  east  of  Damaj.  Survey-number 

G23B 

"w  • 

Illustrations  of  the  Species  in  Plate  XXXVI. 

Fig.  18.  Abactinal  view  of  the  test:  natural  size. 

19.  Longitudinal  profile  of  the  test :  natural  size. 

Genus  EUSPATAN GUS,  Agassiz,  1847. 

Test  of  medium  size,  elongate,  heart-shaped,  generally  depressed.  Antcal  sulcus 
feebly  developed. 

Ambulacral  summit  usually  more  or  less  cxccntric.  Apical  disk  compact;  four 
generative  plates,  with  the  central  madreporiform  body  produced  posteriorly.  Odd 
anterior  ambulacrum  different  from  the  others,  very  insignificant,  with  small  widely 
Bpaced  pairs  of  pores.  Paired  ambulacra  petaloid,  usually  more  or  less  wide,  closed  at 
the  extremity,  not  excavated.  Poriferous  zones  broad,  equal,  less  than  the  width  of 
the  interporiferous  area,  the  external  scries  of  pores  pyriform,  the  internal  round. 

Peristome  bilabiate,  excentric  in  front. 

Periproct  at  the  summit  of  the  posterior  extremity. 

Tubercles  of  two  kinds — one  large,  mammillated,  perforate,  crenulate,  in  scrobicules, 
standing  isolate  and  more  or  less  widely  spaced  on  the  anterior  and  lateral  intcrradia, 
within  the  boundary  of  the  peripetalous  fasciole ;  the  general  tuberculation  of  the  test 
being  small  and  accompanied  by  numerous  very  small  miliary  granules. 

Two  fascioles — peripetalous  and  subanal ;  the  peripetalous  fasciole  circumscribing 
the  ambulacral  petals,  the  subanal  more  or  less  cordiform  or  reniform. 

1.  Euspata.nqus  avellana,  d Archiac  &  Ilaime.    Plate  XXXVIII,  Figs.  8-1S. 

Britain?  arellana,  d"Archiae  (1850),  Hitt.  dti  proyret  de  U  O'M.  t.  iii.  p.  2.M. 

Eupatagua?  avcllnna,  tTArrhiac  $  Union  (1833),  Dtterip.  An.fou.  dt  VIndt,  p.  218,  pi.  XT,  flg.  8«,  b. 

The  following  is  the  diagnosis  of  this  species  given  by  MM.  d'Archiac  and 
Haimc: — 

Body  oval,  elongate,  thick ;  the  four  genital  pores  large  and  closely  placed.  Ambu- 
lacral plates  rather  narrow,  tolerably  well  closed,  the  posterior  longest  and  straight, 
the  lateral  feebly  arched  in  front ;  poriferous  zones  moderately  broad,  costulate,  with 
very  large  pores ;  odd  ambulacrum  very  indistinct,  and  simply  indicated  in  front  by  a 
very  slight  concavity.  Anterior  interambulacral  areas  a  little  broader  than  the  lateral, 
which  are  themselves  a  little  more  than  the  odd  posterior ;  all  exhibiting  large  tubercles 
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situated  in  slightly  excavated  scrobicules,  which  arc  interspersed  with  smaller  tubercles 
and  with  unequal  granules.  All  the  tubercles  cease  near  the  ambitus,  where  a  peripe- 
talous  fasciole  probably  existed,  but  which  it  has  been  impossible  for  us  [£A.  &  II.]  to 
verify.  The  anus  is  marginal  and  rather  in  the  upper  part ;  the  pcriproct  suboval  and 
a  little  longer  than  wide.  The  under  surface  of  the  body  is  feebly  convex  and  covered 
with  Blightly  prominent  tubercles,  interspersed  with  small  granules,  which  increase  in 
size  from  the  margin  inwards  ;  the  mouth  is  situated  at  the  anterior  third  of  the  major 
diameter.  The  single  example  which  wo  [d'A.  &■  H.]  have  observed  measured  10  millira. 
in  length,  and  9  millim.  in  breadth  and  height. 

The  type  above  referred  to  is  in  the  collection  of  the  Geological  Society  of  London ; 
it  is  small  and  much  rubbed,  and  scarcely  represents  the  character  of  the  adult  form. 

The  large  scries  of  examples  obtained  from  the  Khirthar  strata  in  Sind  enable  us 
to  add  several  observations  to  the  foregoing  description.  The  peripetalous  fasciole, 
whose  presence  was  inferred  by  d'Archiac  nnd  Haime,  is  always  present,  but  is  fre- 
quently untraceable  in  badly  preserved  specimens  on  account  of  the  extreme  narrowness 
of  the  band ;  it  is  of  wide  extent,  oval  in  shape,  non-sinuous,  encircles  the  abactinal 
surface,  passing  near  to  the  extremities  of  the  ambulacral  petals,  and  consequently  not 
far  above  the  ambitus ;  in  fact,  anteriorly,  it  is  actually  coincident  with  the  ambitus, 
hi  addition  to  the  peripetalous  fasciole  there  is  a  remarkably  well-defined  subanal 
fssciole,  of  which  no  mention  is  made  by  d'Archiac  and  Haime.  The  band  is  broad 
and  subcordiform  in  shape,  defining  a  rather  tumid  and  longitudinally  subcarinate 
subanal  plastron,  the  transverse  diameter  of  which  is  only  a  little  greater  than  the 
longitudinal.  About  five  pairs  of  pores  are  included  on  either  side  of  the  area,  and 
the  associated  granulation  is  very  regular  in  arrangement,— shallow  furrows  radiating 
from  each  of  the  pairs  of  pores  towards  the  centre  of  the  plastron,  and  the  intermediate 
spaces  being  ornamented  with  a  row  of  primary  tubercles,  which  increase  gradually  in 
6ize  as  they  recede  from  the  fasciole,  the  rows  being  further  marked  out  by  a  com- 
panion row  of  small  uniform  miliary  granules.  This  plastron  has  the  appearance  of 
being  divided  into  two  areas  by  a  narrow  semicircular  naked  band,  which  limits  the 
rows  of  tubercles  above  mentioned ;  and  the  ornamentation  within  the  subcrcscentic 
area  lying  between  this  band  and  the  adoral  margin  of  the  fasciole  consists  of  rows  of 
tubercles  radiating  towards  the  anus  and  diminishing  rapidly  in  size  as  they  approach 
the  fasciole.    In  this  manner  a  very  ornate  character  is  given  to  the  subanal  plastron. 

The  actinal  plastron  is  very  remarkable ;  it  is  subcarinate,  and  terminates  posteriorly 
in  a  sharp  and  very  prominent  peak  or  culminating  point,  whilst  the  profile-outline  of 
the  longitudinal  keel  is  incurved  between  this  point  and  the  peristome;  the  tuber- 
culated  portion  of  the  plastron  is  very  small  in  consequence  of  the  wide  naked  posterior 
ambulacral  areas,  and  the  tubercles  diminish  in  size  in  its  neighbourhood.  There  is 
some  depression  around  the  peristome,  and  the  surrounding  test  has  consequently  a 
rather  tumid  character. 

In  large  adult  tests  the  odd  posterior  interradium  on  the  abactinal  surface  is  tumid 
and  roundly  carinate,  forming  a  more  or  less  elevated  keel  between  the  posterior  pair 
of  petals,  as  shown  in  Figs.  10  &  11 ;  but  this  character  is  not  developed  in  small  tests. 
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There  is  a  good  deal  of  variation  in  the  length,  and  consequently  in  the  marginal  contour 
of  this  species,  some  examples,  which  are  usually  young,  being  much  more  elongate 
than  others,  which  arc  more  regularly  oval.  There  is  a  single  specimen  of  a  wide  well- 
rounded  form  (with  survey-number  -j^),  which  perhaps  shows  this  in  a  greater  degree 
than  usual ;  we  do  not,  however,  see  any  reason  to  recognize  it  as  a  nominal  variety. 

Remark*.  The  general  facies  of  this  species  is  very  unlike  that  of  typical  Euspa- 
tangi,  and  we  can  fully  appreciate  the  doubt  expressed  by  d'Archiac  and  Haime 
when  referring  their  single,  small,  and  poorly  preserved  specimen  to  that  genus.  The 
character  of  the  tuberculation  and  the  form  of  the  test  are  in  much  closer  accord  with 
Macropneustes,  and  we  should  have  so  placed  it  with  very  little  hesitation,  were  it  not 
for  the  presence  of  the  well-developed  subanal  fasciolc.  We  cannot  dispel  the  impres- 
sion that  the  differences  which  at  present  separate  Macropneustes,  Euspatangus,  and 
Peripneustes  are  exceedingly  artificial ;  and  although  we  arc  by  no  means  prepared  to 
admit  the  desirability  of  uniting  all  the  forms  comprised  within  these  three  divisions 
under  one  genus,  we  are  far  from  being  satisfied  with  their  present  distinction  by  means 
of  empirical  adherence  to  a  specific  formula  based  on  one  or  two  characters  only.  A 
larger  series  of  better-preserved  specimens  of  the  various  species  in  each  of  the  groups 
named  than  at  present  exists,  is  necessary  before  the  question  can  be  approached  with 
much  prospect  of  success. 

A  form  whose  general  facies  bears  much  resemblance  to  the  Siudian  species  was 
described  and  figured  by  dc  Loriol,  under  the  name  of  Macropneustes  Lefeborei,  in  his 
Monograph  on  the  Numinulitic  Echini  from  Egypt*;  better-preserved  specimens  are 
again  figured  and  described  in  his  recently  published  work  on  the  Eocene  Echinoidea 
from  Egypt  and  the  Libyan  Desert  f.  The  only  bar  to  the  generic  alliance  of  the  two 
species  appears  to  be  the  presence  of  the  subanal  fasciole.  The  absence  of  the  subanal 
fasciole  in  M.  Lefebvrei  is  especially  remarked  upon  by  M.  de  Loriol,  who  also  observes 
that  its  presence  would  place  the  species  iu  Euspatangus.  Euspatangus  air  liana  might 
well  be  taken  as  the  fulfilment  of  the  supposition  in  point.  In  the  drawing  given  of 
the  Lybian  example  of  M.  Jjefcbvrei  there  appears  to  be  a  tantalizing  naked  band 
shown  by  the  artist  in  op.  cit.  pi.  xi.  fig.  2  d,  which  simulates  a  fasciole  in  a  remarkable 
r,  both  in  outline  and  position. 
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length  of  the  test .    .  38 
Breadth  of  the  test    .  32  5 
Height  of  the  test .    .  22 

Localities.  In  the  Khirthar  series  of  strata : — 

i.  Kami  range,  south  of  Trak.    Survey-number  ~gr« 

ii.  Gagar  hill,  east  side  of  the  Surjana  range.  Survey-number^^3 
•  Op.  at,  p.  "5,  pi.  ix.  fig».  7-9.  t  Op.  cit.  p.  50,  pi.  xi.  flg».  2,  3. 
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iii.  Three  miles  east  of  Bula-Khan.  Survey-number 


iv.  Mairi  valley,  south  of  Tey6n.  Survey-number 


o  we 
101  - 


v.  Tey6n  (or  Tiyun),  east  of  Chorla.  Survey-number 

vj.  North  of  Maliri,  sixteen  miles  south  of  Jhangara  (from  shales  and  marly  beds 
of  upper  part  of  the  group).  Survey-number 

vii.  Exact  locality  not  known  (presented),  said  to  be  near  Kotri,  probably  the  hills 
west  of  Kotri.    Survey-number  G,^°. 

viii.  KcuMr-ka-lak  (pass),  east  side  of  Surjana  range.  Survey-number 

ix.  Eight  or  nine  miles  south  by  west  of  Jangri,  and  east  of  the  Surjana  range. 
Survey-number  235, 

x.  Twenty-four  miles  west  of  Kotri  (entering  the  hills  on  the  road  to  Bula  Khan's 

ft  9f¥1 

Thana).    Survey-number  7™. 


xi.  Dharan  pass  (east  side),  near  Laki.   Survey-number  ^ 


G23B 


xii.  West  side  of  the  Ganja  hills,  south  of  Hyderabad.  Survey-number 

xiii.  About  seven  miles  north-east  of  Bula  KhaVs  Thana.  Survey-number 

xiv.  Near  the  gorge  of  the  Baran  river,  north-cast  of  Bula  Khan.  Survey-number 


IUusiratims  of  the  Specie*  in  Plate  XXXVIII. 

Fig.  8.  Abactinal  view  of  the  test :  natural  size. 

9.  Actinal  view  of  the  test :  natural  size. 

10.  Transverse  profile  of  the  test,  seen  from  behind :  natural  size. 

11.  Longitudinal  profile  of  the  test:  natural  size. 

12.  The  peristome  and  surrounding  portions  of  the  test:  magnified. 

13.  The  apical  disk,  the  odd  anterior  ambulacrum,  and  the  right  anterolateral 

petal:  magnified. 


2.  Euspatanous  coBMFORMis,  Duncan  &  Sladm.    Plate  XXXVIII,  Fig.  14. 

Test  of  large  size.  Marginal  contour  elongate,  heart-shaped,  well  and  widely 
indented  anteriorly,  rather  sharply  flattened  in  the  anterior  interradia,  contracting 
towards  the  posterior  extremity,  which  is  broadly  truncate.  The  breadth  is  about  nine 
tenths  of  the  length,  or  in  the  proportion  of  0-89  : 1.  The  abactinal  surface  is  much 
depressed  and  is  comparatively  flat,  excepting  a  slight  tumidity  in  the  interradial  areas. 
The  greatest  height,  which  is  equal  to  about  one  third  of  the  length,  lies  near  the 
posterior  extremity  of  the  test,  and  the  slope  thence  to  the  anterior  extremity  is  a  very 
slight  decline.  The  margins  are  thick  and  tumid.  The  actinal  surface  is  more  or  less 
flat  or  very  faintly  convex,  mainly  consequent  on  the  gradual  passage  into  the  marginal 
rounding. 

The  apical  disk  is  excentric  in  front,  but  is  unfortunately  obscured.    The  odd 
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anterior  ambulacrum  is  scarcely  discernible ;  it  is  flush  with  the  test  near  the  apex,  the 
groove  being  developed  only  near  the  margin,  and  the  pores  are  quite  microscopic. 
The  anterolateral  petals  are  long  and  widely  divergent,  and  scarcely  so  pctaloid  as 
frequent  in  this  genus.  Their  course  has  a  slightly  sigmoid  tendency,  with  a  slight 
curve  forwards  at  the  outer  extremity,  the  flexure  of  the  posterior  zone  of  the  petal 
being  much  greater  than  that  of  the  anterior  zone.  The  postero-lateral  petals  are 
longer  than  the  anterior  pair  and  a  shade  broader ;  they  are  rather  widely  divergent 
for  posterior  petals,  and  have  also  a  slight  sigmoid  curvature.  Excepting  at  the  apical 
extremity,  where  the  convergence  is  great,  and  the  petal  is  very  attenuated,  the  zones 
to  a  certain  extent  have  the  appearance  of  running  parallel  to  one  another,  the 
posterior  zone  curving,  however,  conspicuously  towards  its  companion  at  the  outer 
extremity.  The  poriferous  zones  are  broad  in  the  anterior  and  posterior  petals  alike ; 
the  pores  are  transversely  oval,  wide  apart,  and  connected  by  a  conjugating  furrow, 
and  the  divisional  septa  are  ornamented  with  a  single  line  of  minute  miliary  granules. 
The  interporiferous  area  is  equal  in  width  to  the  poriferous  zone  midway  between  the 
extremities,  and  appears  to  have  been  ornamented  with  a  few  widely  spaced  miliary 
granules  with  a  rather  larger  one  than  the  rest  opposite  each  of  the  divisional  septa, 
and  sometimes  two.  The  areas  of  the  paired  ambulacral  petals  are  slightly  sunken  in 
shallow,  widely  expanded,  depressions  of  the  test,  which  arc  so  wide  and  shallow  that 
they  are  in  no  sense  grooves;  and  their  presence  imparts  a  certain  appearance  of 
tumidity  to  the  interradial  areas. 

The  large  primary  tubercles  within  the  fasciole  on  the  abactinal  surface  arc  rather 
numerous,  prominent,  and  on  conical  bosses;  they  are  unequal  in  size,  the  largest 
being  near  to  the  margin  of  the  petal,  and  they  do  not  present  the  appearance  of 
definite  arrangement  very  conspicuously  ;  their  mamelons  arc  very  small  and  perforate, 
and  the  crenulation  is  distinct ;  the  scrobicules  are  large,  circular,  and  very  slightly 
sunken ;  and  the  intervening  portions  of  the  plates  are  occupied  with  a  minute  but 
definite  miliary  granulation,  amongst  which  a  few  very  small  perforated  tubercles  are 
placed.  In  the  neighbourhood  of  the  margin  the  perforated  tubercles  are  small, 
uniform,  regular,  and  numerous,  and  their  scrobicules  are  separated  only  by  a  single 
circlet  of  very  small  miliary  granules,  and  even  this  is  sometimes  incomplete.  On  the 
actinal  surface  the  primary  tubercles  are  large,  and  though  apparently  well  spaced, 
there  were  probably  very  few  miliary  granules  present  in  consequence  of  the  crowding 
and  overlapping  of  the  large  disk-like  scrobicules,  one  margin  of  which  is  more  or  less 
prominent. 

Both  peristome  and  periproct  unfortunately  arc  destroyed ;  the  position  of  the 
former  was  very  excentric  in  front,  and  there  appears  rather  considerable  depression 
around  the  anterior  margin  of  the  aperture,  and  especially  defined  in  the  three  anterior 
ambulacral  areas. 

The  peripetalous  fasciole  is  a  very  narrow  band,  running  close  to  the  outer  margin 
of  the  abactinal  surface,  and  only  a  little  above  the  ambitus  on  the  anterior  half  of  the 
test ;  in  the  posterior  column  of  the  lateral  interradia  it  gradually  leaves  the  margin 
and  encroaches  more  on  the  abactinal  surface,  passing  close  to  the  extremity  of  the 
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postero-lateral  petals.  The  structure  of  the  fascicle  is  exceedingly  delicate,  and  its 
course  is  well  marked  out  on  either  side  by  series  of  minute  uniform  miliary  granules. 
Although  nearly  the  whole  of  the  posterior  extremity  is  destroyed  in  our  specimen,  a 
portion  still  remains  of  a  very  large  and  broad  subanal  fasciole.  It  was  probably  widely 
subreniform  in  shape,  and  the  breadth  of  the  band  is  much  greater  than  that  of  the 
peripetalous  one. 

Bemarks.  This  species  is  well  distinguished  from  all  its  congeners,  and  cannot  be 
mistaken  for  any  Euspatangus  with  which  we  are  acquainted.  The  long,  narrow, 
ambulacral  petals  and  the  comparatively  prominent  and  shallow-scrobiculed  large 
primary  tubercles  are  strongly  suggestive  of  features  in  Macropneuxtes.  The  test, 
however,  is  very  depressed,  the  primary  tubercles  are  clearly  limited  by  the  peripe- 
talous fasciole,  and  a  wide  and  well-developed  subanal  fasciole  is  present, — characters 
which  in  the  present  state  of  our  knowledge  justify  us  in  referring  the  species  to 
Euspatangus. 

Dimensions.  Length  of  the  test  65  millim.,  breadth  58  million.,  height  about 
215  millim. 

Locality.  In  the  Khirthar  series  of  strata:  Dharan  pass  (east  side),  near  Laki. 
Survey-number 

Illustration  of  the  Species  in  Plate  XXXVIII. 
Fig.  14.  Abactinal  view  of  the  test:  natural  size. 

3.  Ei'spatangi's  RosTRATirs,  d' Archiac.    Plate  XXXVIII,  Figs.  15-18. 

We  have  already  remarked  upon  the  type  specimens  of  this  species  when  describing 
the  fossil  Echinoidea  of  Kachh,  and  also  upon  the  examples  which  are  found  in  that 
collection. 

The  following  is  the  diagnosis  given  by  MM.  d'Archiac  and  Haime: — 

Body  elongate,  suboval ;  subbilobed  in  front,  rather  attenuated  behind,  and  trun- 
cated at  the  extremity;  tolerably  depressed,  rather  thickened  behind.  Ambulacral 
petals  tolerably  well  closed,  rather  sharp-pointed,  moderately  broad,  and  rather  long. 
Poriferous  zones  rather  narrow,  costulate.  Anterior  ambulacrum  only  slightly  depressed 
in  front,  with  indistinct  pores.  The  lateral  interradia  are  broader  than  the  anterior, 
and  the  posterior  is  narrow  and  swollen  behind ;  it  is  smooth  like  the  ambulacra,  but 
the  others  are  covered  with  large  tubercles  unequal  in  size,  and  sunken  in  shallow 
scrobicules.    The  peripetalous  fasciole  appears  to  be  submarginal. 

The  periproct  is  marginal,  suboval,  and  angular  above,  higher  than  broad.  Inferior 
aspect  nearly  plane,  but  swollen  in  front  of  the  anus  along  the  median  line. 

The  peristome  is  at  the  anterior  two  sevenths  of  the  major  axis.  Good-sized 
tubercles  are  on  the  lateral  interradia. 

To  this  diagnosis  we  have  added  (op.  cit.  p.  48) :— The  inner  pores  of  the  anterior 
poriferous  zone  of  the  antero-lateral  ambulacra  abort;  the  madreporic  body  extends  far 
back  and  separates  the  posterior  ocular  pores ;  the  subanal  fasciole  is  distinct ;  the 
plastron  is  large  and  wide;  the  great  tubercles  arc  crenulated  slightly. 
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We  have  also  stated  that  in  the  examples  of  this  species  from  Kachh  no  indications 
of  the  peripetalous  fasciole  were  discernible ;  in  the  specimens  from  the  Khirthar  series 
of  strata  in  Sind  we  have,  however,  been  more  fortunate,  and  find  in  several  instances 
traces  of  this  fasciole ;  it  is,  however,  the  most  feebly  developed  fasciole  we  have  seen, 
and  is  not  more  than  two  or  three  rows  of  minute  granules  in  width,  and  we  have  in 
no  case  assured  ourselves  that  it  is  continuous ;  the  traces  observed  are  entirely  on  the 
abactinal  surface,  and  do  not  support  the  supposition  of  d'Archiac  and  Haime  that 
the  peripetalous  fasciole  was  submarginal.  The  few  Khirthar  specimens  are  all  more 
or  less  bndly  preserved,  and  they  accord  closely  with  the  type  of  the  species. 

Dimensions.  The  largest  specimen  measures  30  millim.  in  length  and  24  millim.  in 
breadth  ;  all  are  somewhat  crushed. 

Locality.  In  the  Khirthar  series  of  strata  :  Karra  range,  south  of  Trak.  Survey- 
number 

Illustrations  of  the  Species  in  Plate  XXXVIII. 
Fig.  15.  Abactinal  view  of  the  test:  natural  size. 

16.  Actinal  view  of  the  test :  natural  size. 

17.  Longitudinal  profile  of  the  test:  natural  size. 

18.  Portion  of  a  lateral  ambulacrum  to  show  ornamentation :  magnified. 

GENUS  INDET. 

Gen.  et  sr.  indet.    Plate  XXXIV,  Fig.  17. 

There  is  a  fragmentary  test  of  a  large  Spatangoid  in  the  collection  which  baffles  all 
attempts  at  determination  on  account  of  its  very  bad  state  of  preservation.  From  the 
few  guiding  features  that  arc  observable  wc  are  inclined  to  think  that  this  very  unsatis- 
factory fossil  represents  a  new  genus,  the  systematic  position  of  which  would  probably 
be  under  the  subsection  Brissina.  The  specimen  has  been  drawn  on  Plate  XXXIV, 
Fig.  17,  and  a  reference  thereto  will  give  a  much  better  idea  of  the  fossil  than  any 
verbal  description.  The  chief  notable  point  is  the  character  of  the  ambulacra,  all  of 
which  are  situated  in  deep,  sharply-defined  grooves,  those  of  the  paired  petals  being  of 
equal  breadth  throughout,  excepting  close  to  the  apex,  and  appearing  to  extend  to  the 
margin.  The  anterolateral  petals  are  nearly  horizontal.  The  odd  anterior  ambula- 
crum is  situated  in  a  wider  and  even  deeper  groove  than  the  others,  which  forms  at  the 
ambitus  a  deep,  sharply  defined  notch.  A  few  pairs  of  pores  at  the  apical  extremity  of 
some  of  the  poriferous  zones  may  be  seen,  the  inner  series  of  pores  are  transversely 
oval,  and  the  outer  series  are  still  more  elongate  transversely,  and  with  a  tendency  in 
become  pyriform ;  the  pores  of  a  pair  are  moderately  well  spaced,  and  are  united  by 
an  indistinct  conjugating  furrow,  and  the  divisional  septa,  in  this  part  at  least,  are  not 
keeled.  The  abactinal  surface  was  not  very  high,  but  slightly  Bubconically  convex, 
springing  with  an  arch  from  probably  thin,  abruptly  rounded,  margins, — the  actinal 
surface  being  apparently  more  or  less  plane.  From  an  indication  which  remains  near 
the  margin,  the  ornamentation  in  that  region  appears  to  have  consisted  of  moderate- 
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sized  primary  tubercles  on  circular  disk-like  scrobicules,  all  equal  sized,  and  so  closely 
placed  that  only  one  or  two  isolated  miliary  granules  are  present  here  and  there. 

Unfortunately  no  further  observations  are  possible  on  this  very  interesting  fossil, 
and  under  such  circumstances  we  are  obviously  unable  either  to  fbrmulato  a  generic 
diagnosis,  or  even  to  draw  any  useful  comparisons  with  other  known  forms  of  Spa- 
tangoids. 

The  length  of  the  fragment,  which  is  incomplete,  measures  about  75  millim. 
Locality.  In  the  Khirthar  series  of  strata :  Eois  Hill,  near  Damaj,  south  of  Biila 
Khan.    Survey-number  °,J£2. 

Illustration  of  the  Specimen  in  Plate  XXXIV. 
Fig.  17.  Abactinal  view  of  the  test:  natural  size. 


IV.  Remarks  on  the  Genera  and  Species  of  the  Khirthar  Series. 

Seventy  species  and  varieties  (including  3  doubtful  forms  evidently  placed  by 
mistake  in  this  collection)  have  been  described  in  the  preceding  pages. 

The  number  of  species  of  regular  Echini  is  remarkably  small,  six  only,  belonging 
to  five  genera,  being  recorded.  One  of  these,  the  Temnechinus  Bousseaui,  appears  to  us 
to  have  been  unquestionably  included  accidentally,  and  should  consequently  be  excluded 
from  the  Khirthar  fauna ;  this  leaves  five  species  of  regular  Echini  in  the  Khirthar 
scries,  representing  a  numerical  proportion  of  only  7  4G  per  cent,  in  relation  to  the 
irregular  forms,  the  latter  being  62  in  number  when  the  2  doubtful  species  are  excluded. 
This  shows  a  very  striking  difference  when  compared  with  the  underlying  Ranikot  fauna, 
in  which  the  proportion  of  regular  forms  stands  at  the  high  figure  of  42-85  per  cent 

The  predominant  form  of  regular  Echini,  as  far  as  may  be  judged  from  the  number 
of  specimens  in  the  collection,  is  a  species  of  Micropsis  of  small  habit,  having  structural 
alliances  to  the  .7.  Mokattatiensis  from  Egypt,  and  of  which  it  is  probably  the  Indian 
representative.  The  form  has  also  much  resemblance  to  Cyphotoma  superbum  from  San 
Giovanni  Ilarione  ;  the  differences  which  separate  the  two  species  generically  being  of 
the  most  trivial  character. 

Of  true  Cyphosoma  there  are  two  well-marked  species,  one  of  them  being  probably 
nearly  allied  to  the  form  erroneously  referred  by  d'Archiac  and  Haime  to  the  genus 
Echinometra,  under  the  name  o(E.  Thomsoni ;  both  are  comparatively  weakly  developed 
forms,  of  the  type  in  consequence  of  the  small  size  of  the  tubercles  and  the  simple 
ambulacra. 

The  Cidaris  (Leiocidaris)  is  closely  allied  to  C.  Verneuili  of  the  Ranikot  series,  of 
which  it  is  probably  the  descendant.    It  is,  however,  specifically  distinct. 

The  Porocidaris  is  more  nearly  related  to  the  recent  forms  than  to  P.  serrata,  which 
occurs  in  the  Egyptian  and  Swiss  Kummulitic  beds.  The  pits  in  the  scrobicules  are 
comparatively  feebly  developed,  and,  as  in  the  recent  forms,  do  not  perforate  the  test 
It  was  suggested  by  Sir  Wyville  Thomson  that  the  fact  of  their  doing  so  in  the  case 
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of  P.  serrata  might  probably  be  owing  to  wearing  and  attrition  during  the  process  of 
fossilization,  an  opinion  which  we  are  fully  disposed  to  endorse. 

The  62  undoubted  Khirthar  forms  of  irregular  Echini  belong  to  20  genera.  The 
presence  of  Amblypygw,  Echinolampeu,  Briatopm,  Metalia,  Macropneustet,  and  Euspa- 
tangus  imparts  a  strikingly  marked  and  characteristic  facies  to  the  fauna. 

The  genus  Conoclypeus  is  represented  by  four  well-marked  species,  and  the  only- 
other  gnathostomatous  exocycloid  Echinoids  in  the  collection  are  the  diminutive  genera 
Simwitdia  and  Echinocyamus,  the  Khirthar  species  of  which  exhibit  an  extraordinary 
amount  of  variability. 

The  Cassidulidse  are  present  in  great  force.  OiAmblypygut  there  are  four  species, 
one  of  which  serves  well  as  the  representative  of  the  European  A.  dilatatus.  From  the 
series  of  specimens  at  our  disposal  we  have  been  enabled  to  study  the  structural  pecu- 
liarities of  the  genus,  and  have  indicated  that  its  association  with  the  Echinoaeina- 
becomes  necessary. 

The  interesting  little  forms  to  which  we  first  gare  the  name  of  Eolampas  in  the 
Ranikot  series,  where  they  appeared  to  stand  as  the  forerunners  of  the  genua  Echino- 
tomjyas,  are  represented  by  a  distinct  species  in  the  Khirthar  strata. 

The  genus  Echinolampaa  now  becomes  a  dominant  form,  and  no  less  than  eleven 
distinct  species  and  a  variety  are  recorded  in  the  preceding  pages.  All  of  these,  as  a 
whole,  have  a  decided  and  characteristic  facies  distinguished  by  the  comparatively  low 
test  and  the  usually  narrow  and  slightly  expanded  ambulacral  petals.  One  of  the 
species  presents  features  which  show  close  alliance  to  E.  diacoidw*,  and  another  has 
affinities  with  the  forms  of  which  E.  Etcheri  and  E,  subcylindrictts  are  the  represen- 
tatives ;  a  third  is  very  nearly  related  to  the  E.  sifauis  of  the  Swiss  Nummulitic  strata, 
and  this  species  shows  perhaps  a  closer  alliance  to  the  European  form  than  any  other 
Khirthar  Echinoid.  There  is  also  a  form,  represented  only  by  a  single  example,  which 
is  very  near  to  E.  Jacqwmonti,  an  abundant  species  in  a  higher  horizon. 

Echinanthm  is  represented  by  a  very  unsatisfactory  specimen ;  but  its  near  ally 
Ilarionia  occurs  plentifully.  The  Indian  species  of  the  latter  genus  shows  considerable 
variation  in  form,  and  the  characters  upon  which  the  genus  was  established  are  also 
somewhat  modified. 

The  single  species  of  Camduius  is  distinct  from,  but  representative  of,  the  species 
in  the  Ranikot  series. 

Rkynchopyytut  is  a  common  form  in  the  Khirthar  strata,  and  its  two  species  here 
take  the  place  of  Eurhodia,  which  is  characteristic  of  the  Ranikot  beds.  The  small 
species  R.  pyrpnmis,  which  was  noticed  in  the  description  of  the  Ranikot  Echini,  was 
probably  included  in  that  collection  by  mistake;  and  the  evidence  upon  which  this 
assumption  is  based  will  be  referred  to  presently.  The  species  is  numerously  repre- 
sented in  the  Khirthar  series. 

One  of  the  most  interesting  forms  in  the  collection  has  been  referred  by  us  to  the 
genus  Micraster,  although  its  form  is  more  or  less  abnormal  in  comparison  with  the 
general  character  of  that  group,  the  test  being  high,  tumid,  subglobose,  and  very 
slightly  indented  by  the  anteal  sulcus ;  its  structural  details,  however,  appear,  as  far  as 
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we  have  been  able  to  study  them  from  the  material  at  our  disposal,  to  accord  with  the 
formula  of  Micraster  in  such  a  manner  as  to  warrant  the  inclusion  of  the  Khirthar 
specimens  in  that  genus.  There  is  no  form  at  present  known  to  us  in  the  underlying 
Tertiary  beds  in  Sind  which  represents  this  interesting  species,  or  serves  to  connect  it 
with  Cretaceous  forms. 

Ilemiaster  is  well  represented  in  the  Khirthar  series ;  the  most  numerous  species, 
however,  being  the  dwarf  or  pony-like  form  II.  digonus,  which  is  very  abundant  in  the 
white  limestone.  Seven  species  of  this  genus  occur  in  the  collection ;  but  of  these,  three 
are  in  such  a  bad  state  of  preservation  as  to  preclude  any  specific  diagnosis  being  given. 
Further  material  is  consequently  necessary  before  a  satisfactory  estimate  of  this  genus 
in  the  Khirthar  series  can  be  furnished. 

Brissopsis  is  represented  by  a  well-marked,  characteristic,  and  moderately  abundant 
species,  the  nearest  alliances  of  the  form  lying  perhaps  in  the  direction  of  B.  Jimenoi, 
described  by  Cotteau  from  the  Miocene  of  Cuba. 

The  genus  Metalia  is  an  eminently  characteristic  and  abundant  Khirthar  form, 
six  species  and  a  variety  being  defined  in  the  preceding  pages.  Some  of  the  species 
were  obtained  from  a  great  number  of  localities,  and  considerable  variation  in  form 
is  noticed. 

The  single  species  of  Linthia  is  a  very  handsome  and  well-marked  form.  On  the 
other  hand,  the  genus  Schizaster  is  poorly  represented  ;  and,  although  four  species  are 
observed,  the  individuals  are  small  in  number  and  badly  preserved ;  furthermore,  with 
the  exception  of  S.  baluchistanensis,  the  forms  here  referred  to  the  genus  very  feebly 
present  the  normal  Schizaster  facies. 

An  interesting  example  of  Brissopatagua  occurs  in  the  collection,  which  exhibits 
all  the  characters  of  the  genus,  but  differs  considerably  from  the  other  known  species 
of  this  singular  form. 

Macropneustes  is  represented  by  two  species,  which  to  a  certain  extent  have  a 
peculiar  Euspatangoid  facies,  and  one  of  these  was  found  in  several  localities. 

Of  Euspatangus  three  species  occur  in  the  Khirthar  series,  and,  with  the  exception 
of  E.  rostratus,  which  also  occurs  in  higher  measures,  those  forms,  strange  to  say, 
present  a  striking  Macropneustoid  facies ;  the  commonest  species,  which  is  also  one  of 
the  most  abundant  forms  in  the  collection,  E.  avellana,  resembles  very  closely  in  general 
character  MacrvpneusUs  Lefebvrei,  de  Loriol,  from  the  Nummulitic  strata  of  Egypt,  of 
which  we  consider  it  to  be  the  representative  in  the  Sindian  area,  notwithstanding  the 
questionable  generic  differences. 

Three  forms,  represented  only  by  single  fragmentary  examples,  have  evidently, 
from  the  character  of  their  matrix  and  fossilization,  been  included  by  accident  in  the 
Khirthar  collection;  these  are  Temnechinus  Eousseaui,  Bregma  carinata,  and  Moira 
primctva.  The  two  former  have  already  been  noticed  by  us  from  the  Miocene  strata  of 
Kachh  and  Kattywar ;  and  they  also  occur  in  corresponding  beds  in  Sind.  The  Moira 
appears  to  be  a  distinct  species  from  the  common  Miocene  form  of  Kachh,  and  it  is 
unfortunate  that  the  true  locality  of  this  example  is  unknown. 


Mention  should  here  be  made  of  four  characteristic  Khirthar  forms  which  were 
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included  in  the  collection  of  Echinoidea  from  the  Ranikot  series  of  Sind,  and  referred 
to  in  Part  II.  of  this  work.  The  evidence  respecting  the  examples  in  question  is  very 
Btrong  against  their  belonging  to  the  Ranikot  series  at  all,  and  until  further  confirma- 
tion is  forthcoming  we  do  not  feel  justified  in  counting  them  as  members  of  that  fauna» 
or  in  basing  such  generalizations  upon  their  presence  as  their  recognition  as  Ranikot 
species  would  obviously  demand.  The  forms  referred  to  are  Rhynchopyyus  Calderi, 
Bkynehopyyus  pygmaus,  Hemicuter  diyonus,  and  Metalia  Sowerbyi  ;  and  the  following 
facts  respecting  them  are  very  significant.  In  each  case  the  forms  were  represented 
only  by  solitary  and  very  badly  preserved  specimens,  excepting  R.  pygnueut,  of  which 
there  were  two  or  three.  All  the  examples  of  these  four  species  in  the  Ranikot  collec- 
tion were  from  one  locality,  viz.  N.E.  of  Petiani.  On  referring  to  the  memoir  on  the 
Geology  of  Western  Sind  by  Mr.  W.  T.  Blanford,  F.R.S.  •,  we  find  it  mentioned  that 
two  outliers  occur  north-east  of  Petiani,  the  age  of  which  is  not  clearly  determined ; 
and  the  resemblance  of  the  rock,  in  one  of  them  at  least,  to  a  sandstone  occurring  at 
Jungshahi,  age  also  not  clearly  determined,  is  remarked  on  (op.  cit.  p.  146). 

In  reference  to  this  question,  it  is  of  interest  to  note  incidentally  that  two  of  the 
four  species  above  cited  have  been  found  at  Jungshahi,  in  strata  of  the  Khirthar  series, 
at  the  localities  numbered  by  the  Surveyors  °*2  and 

If  it  were  the  case  that  the  doubtful  specimens  under  notice  were  obtained  from 
the  outliers  mentioned  by  Mr.  Blanford,  it  might  be  inferred,  on  the  paheontological 
evidence,  that  the  outliers  were  of  Khirthar  age ;  and  in  the  event  of  these  specimens 
having  been  picked  up  on  the  surface,  which  would  appear  very  probable  from  their 
weathered  condition,  we  are  still  of  opinion  that  they  were  derived  from  Khirthar 
beds  f. 

From  the  foregoing  summary  it  will  be  seen  that  not  a  single  species  is  common  to 
the  Khirthar  and  Ranikot  strata,  if  the  doubtful  forms  above  referred  to  are  excluded 
from  the  list. 

Attention  has  already  been  drawn  to  the  specialized  and  well-marked  character  of 
the  Khirthar  fauna  as  compared  with  that  of  the  Ranikot ;  and  this  becomes  still  more 
patent  and  conspicuous  when  the  lists  of  genera  contained  in  the  respective  measures 
are  placed  side  by  side.  Excluding  the  doubtful  forms  previously  mentioned,  the 
Ranikot  fauna  comprises  24  genera  of  Echini  and  that  of  the  Khirthar  25  genera ;  of 
these  only  9  genera  are  common  to  the  two  series  of  strata.  It  will  thus  be  seen  that 
the  Khirthar  fauna  is  a  remarkably  isolated  assemblage  of  forms  in  relation  to  the 
underlying  fauna  of  its  own  area. 

*  Mem.  Geo!.  Sun-.  India,  vol.  rvii. 

t  Mr.  Bl  an  ford,  with  whom  we  hare  corresponded  on  the  subject,  Is  fully  disposed  to  concur  in  this  latter 
supposition.  He  also  informs  us  that  at  a  locality  about  20  miles  further  south  he  was  enabled  to  draw  a 
line  at  tho  base  of  the  Khirthar  beds,  and  to  separate  them  from  the  Ranikot,  on  account  of  the  presence  of 
Rhtjnthopyyut  CaUlrri  in  the  former — a  species  which,  in  his  experience,  is  characteristic  of  a  zone  at  the  base 
of  the  Khirthar.  In  tho  locality  mentioned  the  two  groups  could  only  be  distinguished  by  fosnil.i,  the  mineral 
character  being  similar.  If,  as  is  probable,  there  is  the  same  similarity  north-cast  of  Petiani,  it  can  easily  bo 
imagined  that  foaaila  might  haTe  been  obtained  from  supposed  Ranikot  beds,  which  were  really  of  Khirthar  age. 

2K 
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The  Khirthar  fauna,  when  viewed  with  respect  to  its  homotaxial  relations,  is  not 
less  remarkable.  The  Nummulitic  horizon  of  Egypt  and  Lybia,  with  which  comparison 
may  most  suitably  be  instituted,  present*  an  Echinifauna  of  01  species,  described  by 
de  Loriol ;  and  of  these  none  are  common  to  the  two  areas.  The  generic  constitution 
of  the  faunae,  however,  shows  an  unmistakable  homotaxial  relationship,  as  out  of 
22  genera  represented  in  the  Egypto-Lybian  area  (compared  with  25  genera  in  the 
Khirthar  scries  of  Sind),  16  genera  are  found  to  be  in  common. 

A  similar  generic  affinity  will  be  found  to  exist  when  the  Khirthar  Echini  are 
compared  with  those  of  the  different  European  Nummulitic  areas ;  but  in  no  instance 
can  a  case  of  specific  identity  be  established. 

The  forms  which  may  be  considered  as  representatives  of  species  occurring  in  the 
various  Nummulitic  areas  of  Europe  have  been  indicated  in  the  preceding  pages. 

V.  Note  on  doubtful  KJiirthar  Species. 
We  again  draw  attention,  for  the  sake  of  caution,  to  the  three  forms  included  in 
the  present  collection,  but  which  we  do  not  consider  to  belong  to  the  Khirthar  horizon. 
These  are:— 

Temnechinus  Bousseaui,  d'Archiac,  sp. 
Moira  primm-a,  Duncan  &  Sladen. 
Breynia  carinata,  dArchiac  &  Haimc. 

In  each  case  the  species  is  represented  only  by  a  single,  badly  preserved,  fragmen- 
tary example,  and  the  matrix  is  altogether  different  from  that  of  the  other  Echinoids 
from  the  Khirthar  series  of  strata.  There  seems  little  doubt  that  these  specimens  have 
been  included  in  this  collection  by  mistake,  and  were  probably  marked  by  accident  as 
coming  from  the  localities  to  which  they  are  respectively  assigned. 
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Figure  I.  Lbiocidaris  canalicclata,  Duncan  and  Sladcn  (page  109).    The  test  seen  in  profile, 
natural  size. 

2.  Actinal  view  of  a  part  of  the  teat,  natural  sue. 

3.  Plates  of  the  intcrambulacral  area,  magnified. 

4.  Ambulacral  plates,  a  little  above  the  ambitus,  magnified. 

5.  Ambulacral  platen  from  a  larger  specimen,  at  the  ambitus,  magnified, 
(i.  Tdeal  section  of  an  ambulacra!  area. 

7.  A  portion  of  a  spine,  magnified. 

K.  A  young  specimen,  seen  in  profile,  magnified. 

9.  Ambulacral  plates  from  the  same,  magnified. 

10.  Porocidabis  akomai.a,  Duncan  and  Sladen  (page  113).    The  test  seen  in  profile, 

n utu ml  sixc* 

11.  Actinal  view  of  a  part  of  the  test,  natural  size. 

12.  An  interambulacral  plate  with  the  adjacent  jiortion  of  the  ambulacral  area,  magnified. 

(The  serobicule  ought  to  be  more  distinctly  oral  transversely  than  represented  in  this 
figure,  or  in  Figure  10.) 

13.  Ambulacral  plates,  magnified. 

14.  Outline  of  a  fragment  of  a  spine,  slightly  magnified. 
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PLATE  XXII. 


Figure   1.  Mirnorsis  vewbttla,  Duncan  and  Sladen  (page  119).    Profile  view  of  the  test, 
magnified  x  2. 
2.  Abnctiual  view  of  the  teat,  natural  size. 
8>  Actinal  view  of  the  test,  showing  peristome,  natural  size. 

4.  Abactinal  view  of  the  test  of  a  pentagonal  variety,  natural  size. 

5,  Apical  disk,  magnified  x  7. 

(!.  Amhulacral  and  iuteramhulaeral  plates,  magnified. 

7.  Diagram  of  the  poriferous  plates  of  the  ambulacra!  plate. 

8.  Cvpiiosoma  macrostoma,  Duncan  and  Sladen  (page  116).    Profile  view  of  the  test, 

natural  size. 

*).  Actinal  view  of  the  test  showing  peristome,  natural  »i»e. 

10.  Anihulaeral  and  interambnlacral  plates,  magnified. 

11.  Ctmiosoma  uxdatum,  Duueau  and  Sladen  (page  117).    Outline  of  the  profile  contour 

of  the  test,  natural  size. 

12.  Ambulucral  and  interambulaeral  plates,  magnified. 

13.  TEMNnrniNis  SOMOMI,  d'Arehiac,  sp.  (page  122)  *.     Profile  view  of  the  test, 

magnified  x  2. 

14.  Ambulucral  and  interambulaeral  plates,  magnified. 

•  This  species  is  probably  included  by  accident  in  the  Khirtbar  series. 
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Figure  1.  CoxocLYfEU*  alveolites j  Duncan  and  Sladeo  (page  124).    Abactiital  view  of  the  test, 
uatural  size. 

2.  Actinal  view  of  the  test,  natural  size*. 

3.  Longitudinal  profile  of  the  test,  natural  size. 

4.  A  hourrclet  and  rudimentary  phyllode,  magnified. 

5.  Terminal  extremity  of  an  ambulaeral  petal,  magnified. 
C.  Apical  disk,  magnified. 

7.  Conoclypeuh  unguis,  Duncan  and  Sladcn  (page  126).   Abaetinal  view  of  the  test,  natural 

8.  Actinal  view  of  the  test,  natural  size. 

9.  Longitudinal  profile  of  the  test,  natural  size. 

10.  Terminal  extremity  of  an  ambulaeral  petal,  magnified. 

11.  Apical  disk,  magnified. 
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r'igure  1.  Conoclyp«i-s  *o*tkatu«,  Duneau  aud  Sladen  (page  128).    Abactiual  view  of  the  test, 
natural  size. 

2.  Longitudinal  profile  of  the  teat,  natural  size. 

3.  A  portion  of  the  left  posterior  ambulacrol  petal,  at  its  widest  part,  magnified. 

4.  Terminal  extremity  of  the  same  jietal,  magnified. 

5.  CoNocLYrEP*  oalerus,  Duncan  and  Sladen  (page  129).    Abactinal  view  of  a  fragmentary 

test,  natural  sice. 

6.  Longitudinal  profile  of  the  same  specimen,  natural  site. 

7.  Longitudinal  profile  of  another  test,  natural  size. 

8.  A  portion  of  an  ambulacra!  petal,  at  its  widest  part,  magnified.   (Same  test  as  figs.  5  k  G.  I 

9.  Terminal  extremity  of  the  same  petal,  maguified. 

10.  Diagram  thowing  the  arrangement  of  the  ambulacral  plates  on  the  actinal  surface,  uear 


the  peristome,  maguified. 
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Figures  i-H_  Sismoxpu  polymorph  a,  Duncan  and  Sladen  (page  137).     Abactinal  view  of  a 
scrim  nf  specimens  to  show  the  variation.*  of  the  marginal  outline,  natural  vine. 
9.  Abactinal  view  of  the  tent  of  the  same  specimen  as  Fig.  H,  magnified  x  2$. 
TO'  Actinal  view  of  the  name  specimen,  magnified  x  2j. 

11.  Longitudinal  profile  of  the  same  specimen,  magnified  X 

12.  Apical  disk  and  surrounding  portions  of  the  test,  magnified. 

13.  Peristome  and  surrounding  portions  of  the  teat,  magnified. 

14.  EciliNoCYAUl'8  NOMMULiTictis,  Duncan  and  Sladen  (page  132V    Abactinal  view, 

natural  site. 

15.  The  same,  magnified. 

lfi.  Actinal  view  of  the  test,  magnified. 
17.  Longitudinal  profile,  magnified. 
IK.  Transverse  profile,  magnified. 

19.  Apical  disk  and  surrounding  portions  of  the  test,  magnified. 
80.  Peristome  and  surrounding  portions  of  test,  magnified. 

21.  KcniNOCYAMis  n i' mm i' lit ict's,  var.  onzsus  (page  134).    The  test,  natural  size. 

22.  Abactinal  view  of  the  test,  magnified. 

23.  Actinal  view  of  the  test,  magnified. 
21.  Longitudinal  profile,  magnified. 

25.  KcmjiocYAMrs  \UMMtn-iTiccs,  var.  oviroaMis  (page  135).    The  test,  natural  size. 

20.  Abactinal  view  of  the  test,  magnified. 

27.  Actinal  view  of  the  test,  magnified. 

28.  Longitudinal  profile,  magnified. 

29.  EcniNOCYAMis  nummfli  Tiers,  var.  pianvs  (page  135).    The  test,  natural  size. 

30.  Abactinal  view  of  the  test,  magnified. 

31.  Actinal  view  of  the  test,  magnified 

32.  Longitudinal  profile,  magnified. 

33.  EciiisocYAMis  aoTiNDts,  Duncan  and  Sladen  (page  135).    The  test,  natural  size. 
84.  Abactinal  view  of  the  test,  magnified  x  4. 

35.  Actinal  view  of  the  test,  magnified  x  4. 
30.  Longitudinal  profile,  magnified  x  1. 
37.  Apical  disk,  magnified. 
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Figure  1.  Amhlypyoi's  subkotixdus,  Duncan  and  Sladcu(pagc  UO).    Ahactinal  virw  of  the 
test,  natural  size. 
2.  Aetinal  view  of  the  teat,  uatunil  size. 
•'5.  Longitudinal  profile  of  the  tent,  natural  size. 

I.  Apical  disk,  fnitn  another  ifMaHMOj  slightly  weather-worn,  magnified. 

o.  l'ortion  of  the  aetinal  surface  of  the  same  specimen,  magnified. 

<>.  Arrangement  of  the  amhulacral  plates  near  the  middle  of  a  petal,  magnified. 

7.  Arrangement  of  the  amhulaend  plates  near  the  ambitus,  magnified. 

fc.  Arrangement  of  the  umbulaerul  plates  on  the  aetinal  surface,  midway  between  the 

peristome  and  the  margin,  magnified. 
9.  Abactinul  view  of  the  test  of  a  young  specimen  measuring  W  millim.  in  leugth, 
natural  size. 

10.  Longitudinal  profile  of  the  same  specimen,  natural  size. 

11.  Abaetiual  view  of  the  te»t  of  a  young  specimen  measuring  58  millim.,  natural  size. 

12.  Aetinal  view  of  the  same  specimen,  natural  size. 

13.  Longitudinal  profile  of  the  game,  natural  size. 

14.  Var.  co.Nicus.    Longitudinal  profile,  uatural  size. 
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Figure  1.  Amhlypyuuh  i  atklu  kokuis,  Duncan  and  Sladen  (page  lit).    Abaetinal  view  of 
the  test,  natural  size. 

2.  Actiual  view  of  the  test,  natural  size. 

3.  Longitudinal  profile  of  the  test,  natural  size. 

4.  Amblvpvqus  TUMinus,  Duncan  and  Sladen  (page  146).    Abaetinal  view  of  the  test, 

natural  size. 

5.  Actinal  view  of  the  test,  natural  size. 

G.  Longitudinal  profile  of  the  test,  natural  size. 

7.  Amblyfyui's  latts,  Duucan  and  Sladen  (page  148).    Abaetinal  view  of  the  test, 

natural  size. 
fi.  Actinal  view  of  the  teat,  natural  size. 
9.  Longitudinal  profile  of  the  teat,  natural  size. 
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PLATE  XXVIII. 

Figure  1.  Ecbinolamfar  rotunda,  Duncan  and  Sladcn  (page  152).    Abactinal  view  of  the 
te»t,  natural  sire. 

2.  Actinal  view  of  the  test,  natural  rite. 

3.  Longitudinal  profile  of  the  test,  natural  size. 

4.  The  apical  disk,  magnified. 

5.  A  portion  of  a  petal,  about  midway  between  the  extremity  and  the  apex,  magnified. 

6.  The  peristome  and  surrounding  portions  of  the  test,  magnified. 

7.  Kchinolampas  si-acoNiCA,  Duncan  and  Sladcn  (page  155).    Abactinal  view  of  the 

test,  natural  size. 

8.  Actinal  view  of  the  test,  natural  site. 

9.  Longitudinal  profile  of  the  test,  natural  size. 

10.  The  apical  disk,  magnified. 

11.  A  portion  of  a  petal  about  midway  between  the  extremities,  magnified. 

12.  Eciiinolampar  obesa,  Duncan  and  Sladcn  (page  157).    Abactinal  view  of  the  test, 

natural  size. 

13.  Actinal  view  of  the  test,  natural  size. 

14.  Longitudinal  profile  of  the  test,  natural  size. 

15.  The  apical  disk,  magnified. 

1G.  A  portion  of  a  petal,  about  midway  between  the  extremities,  magnified. 
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Figure  1.  Fx n i solam pas  SiSDitNsis.  d'Arehiac  (page  1">9).    Abactinal  view  of  the  test  of  a 
large  example,  natural  size. 

2.  Longitudinal  profile  of  the  same  specimen,  natural  me. 

3.  Abactinal  view  of  a  test  of  ordinary  size,  natural  size. 

4.  Actinal  view  of  the  same,  natural  size. 

5.  Longitudinal  profile  of  the  same,  natural  size. 

0.  Peristome  and  surrounding  parts  of  the  test  from  another  sjtceimen,  magnified. 
7.  A  portion  of  the  ambulacra!  area,  near  the  middle  of  a  petal,  magnified. 
X.  Abactinal  view  of  the  test  of  a  young  specimen,  natural  siic. 
9.  Actinal  view  of  the  same  test,  natural  size. 

10.  Longitudinal  profile  of  the  same,  natural  size. 

11.  Ec  H I  kola  M  p  as  Sindensis,  var.  HEMIsMieKiCA,  Duncan  and  Sladctt  ( page  1(53). 

Almctinal  view  of  the  test,  natural  size. 

12.  Actinal  view  of  the  same,  natural  size. 

13.  Longitudinal  profile  of  the  same,  natural  size. 

14.  Longitudinal  profile  of  another  specimen,  somewhat  less  tumid,  natural  size 

15.  Longitudinal  profile  of  a  large  specimen,  natural  size. 

lti.  Abactinal  view  of  the  test  of  a  small  specimen,  natural  size. 
17.  Longitudinal  profile  of  the  same,  natural  size. 
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Figure  1.  EriiiNOLAMPAS  angfstipolia,  Duncan  and  Sladcn  (page  1G4).    Abactinal  view  of 
the  test,  natural  size. 

2.  Actinal  view  of  the  same,  natural  size. 

3.  Longitudinal  profile  of  the  same,  natural  size. 

I.  Actinal  view  of  a  smaller  specimen,  natural  size. 

5.  Trauxverse  profile  of  the  same  specimen,  seen  from  behind,  natural  size. 
0,  Abactinal  view  of  the  test  of  a  young  i 

7.  Actinal  view  of  the  same,  natural  size. 

8.  Longitudinal  profile  of  the  same,  natural  I 
*J.  Transverse  profile  of  the  same,  seen  from  behind,  natural 

10.  Peristome  of  the  same  specimen,  magnified. 

1 1 .  Primary  tubercles  on  the  actinal  surface  of  the  i 

12.  Echixolampa*  kcmmflitica,  Duncan  and  Sladcn  (page  107).    Abactinal  view  of 

the  test,  natural  size. 
1  3.  Actinal  view  of  the  test,  natural  size. 
I  I.  Longitudinal  profile  of  the  test,  natural  size. 
15.  Actinal  portion  of  the  left  anterior  ambulacrum,  magnified. 

10.  Echixolampas  juvenilis,  Duncan  and  Sladen  (page  170).    Abactinal  view  of  the 
test,  natural  size. 

17.  Actinal  view  of  the  teM,  natural  size. 

18.  Longitudinal  profile  of  the  test,  natural  size. 
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Figure   L.  Kchi.volahi'as,  sp.    Junior  {{>age  174).    Abactinal  view  of  the  test,  natural  size. 

2.  Actinul  view  of  the  teat,  natural  size. 

3.  Longitudinal  profile  of  the  test,  natural  size. 
1.  Abactinal  area,  showing  the  petals,  magnified. 

5.  The  peristome  and  surrounding  portions  of  the  test,  magnified. 

fi.  Echinolampas  lehuikorsiis,  Duncan  and  Sladen  (page  172).    Abactinal  view  of  the 

test,  natural  size. 
7.  Actinal  view  of  the  test,  natural  size. 
K.  Longitudinal  profile  of  the  test,  natural  size. 
!).  Abactinal  area,  showing  the  petals,  magnified. 

10.  The  peristome  and  surrounding  portions  of  the  test,  magnified, 

11.  Koi.AMF.ts  ExetNTRiccs,  Duncan  and  Sladen  (page  150).    Abactinal  view  of  the  test, 

natural  size. 

12.  Actinal  view  of  the  test,  natural  size. 

13.  Longitudinal  profile  of  the  test,  natural  size. 
11,  Abactinal  area,  showing  the  petals,  magnified. 

15.  The  peristome  and  surrounding  portions  of  the  test,  magnified. 
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Figure  1.  Eciiinolamfas  mvnocA,  Duncan  and  Sladen  (page  173).    Abactiual  view  of  the  teat 
natural  size. 

2.  Actina)  view  of  the  test,  natural  si*e. 

3.  Longitudinal  profile  of  the  test,  natural  size. 

4.  BcniNANTH  ca  iNTERMKKlls,  Duncan  and  Sladen  (page  177).    Abactiual  view  of  the  test, 

natural  size. 

5.  Actinal  view  of  the  test,  natural  size. 

fi.  Longitudinal  profile  nf  the  teat,  natural  size. 

7.  Transverse  profile,  seen  from  behind,  natural  size. 

8.  Die  peristome  and  surrounding  portions  of  the  te.it,  magnified. 

0.  Ilarionja  Sixdensis,  Duncan  and  Sladen  (page  1  T'J)     Abactiiuil  view  of  the  (est,  natural 

10.  Actinal  view  of  the  test,  natural  site. 

11.  Longitndinal  profile  of  the  test,  natural  size. 

12.  Transverse  profile,  seen  from  behind,  natural  size. 

13.  Abactinal  area,  showing  the  petals,  magnified. 

14.  The  peristome  aud  snrroundiug  portions  of  the  test,  magnified. 

15.  Abactinal  view  of  the  test  of  another  natural  size. 
10.  Longitudinal  profile  of  the  same  test,  nutural  size. 

17.  Abactinal  view  of  the  test  of  a  small  round  example,  natural  size. 
1H.  Longitudinal  profile  of  the  same  test,  natural  size. 
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Figure  1.  Rny»cHOPYous  Caldiri,  d'Archiac  and  Haime,  sp.  (page  1811.    Abactinal  view  of  the 
test,  natural  size. 
1  fl.  Ambulacral  petal,  magnified. 

2.  Longitudinal  new  of  the  name  test,  natnral  size. 

3.  The  same  test  situ  from  behind,  natural  sire. 
1.  Actinal  view  of  another  test,  natural  size. 

f>.  The  peristome  and  surrounding  portions,  magnified. 

6.  Abactinal  view  of  au  abnormal  speciraeu,  in  which  the  odd  anterior  ambulacrum  is 

aborted,  natural  size. 

7.  RiiYJJciioPY«tt8  pyom.cus,  Duncan  aud  Sladen  (page  187).    Abactinal  view  of  the  test, 

natural  size. 

8.  Actinal  view  of  the  test,  natural  size. 

9.  Longitudinal  profile  of  the  same  test,  natural  size. 

10.  The  same  test  seen  from  behind,  nat  ural  size. 

11.  Abactinal  view  of  the  test  of  a  large,  widely  expanded,  high  form,  natural  size. 

12.  Longitudinal  profile  of  the  same  test  as  fig.  11,  natural  size. 

13.  Abactinal  view  of  the  test  of  another  large  form,  natural  size. 

14.  Longitudinal  profile  of  the  same  test  as  fig.  13,  natural  size. 

15.  Abactinal  view  of  the  test  of  a  flat,  depressed  variety,  natural  size. 

10.  Longitudinal  profile  of  the  same  test  as  fig.  15,  natural  size. 

17.  Camidclus  subinvaciinatus,  Duncau  and  Sladen  (page  182).     Abactinal  view  of  the 

test,  natural  size. 

18.  Actinal  view  of  the  test,  natural  size. 

19.  Longitudinal  profile  of  the  test,  natural  size. 

20.  The  test  seen  from  behind,  natural  size. 
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Figure  1.  Hemiaster  aficalis,  Duncan  and  Sladen  (page  193).    Abactinal  view  of  the  tent,  natural 

2.  Longitudinal  profile  of  the  test,  natural  size. 

3.  Front  view  of  the  test,  natural  size. 

4.  Apical  disk,  magnified. 

5.  Portion  of  the  odd  anterior  ambulacrum,  magnified. 

6.  Portion  of  one  of  the  antcro-lateral  petals,  magnified. 

7.  Ornamentation  of  the  test  near  (above)  the  ambitus  in  one  of  the  anterior  intcrradiu, 

magnified. 

8.  Hemiaster  xobilis,  Duncan  and  Sladen  (page  196).    Abactinal  view  of  the  test,  natural 

size. 

9.  Longitudinal  profile  of  the  test,  natural  size. 

10.  Portion  of  the  odd  anterior  ambulacrum,  magnified. 

11.  Portion  of  one  of  the  anterolateral  petals,  magnified. 

12.  Hemiaster  carinatvs,  Duncan  and  Sladen  (page  19H).    Abactinal  ucw  of  the  test, 

natural  size. 

13.  Portion  of  the  odd  anterior  ambulacrum,  magnified. 

14.  Portion  of  one  of  the  antcro-lateral  petals,  magnified. 

15.  Schizaster  rimclans,  Duncan  and  Sladen  (page  223).    Abactinal  view  of  the  test, 

natural  size. 

16.  Longitudinal  profile  of  the  test,  natural  size. 

17.  Gen.  et  sr.  inoet.  (page  241).    Abactinal  view  of  the  test,  natural  size. 
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Figure  1.  Moira  prim.eva,  Duncan  and  Sladen  (page  225)*.    Abactinal  view  of  the  test,  natural 

2.  Longitudinal  profile  of  the  test,  natural  size. 

3.  Ornamentation  of  plates  in  the  lateral  interradium,  magnified. 

4.  Hkmiaster  diooncs,  d'Axchiac  (page  200).    Abactinal  view  of  the  test,  natural  sire. 

5.  Act i rial  view  of  the  test,  natural  size. 

6.  Longitudinal  profile  of  the  test,  natural  size. 

7.  A  portion  of  the  abactinal  surface,  to  show  the  apical  disk,  the  ambutacral  petals,  and 

the  fasciole,  magnified. 

8.  Abactinal  view  of  a  test  with  very  broad  anterior  groove,  natural  size. 

9.  Abactinal  view  of  a  test,  with  apical  disk  very  excentric  posteriorly,  natural  size. 

10.  Metalia  Sowerbyi,  d'Archiac,  sp.  (page  200).    Abactinal  view  of  the  test,  natural  sixe. 

11.  Actinal  view  of  the  test,  natural  size. 

12.  Longitudinal  profile  of  the  test,  natural  size. 

13.  A  portion  of  the  abactinal  surface  to  show  the  apical  disk  and  ambulacra,  magnified. 

14.  Abactinal  view  of  the  test  of  a  young  specimen,  natural  size. 

15.  Actinal  view  of  the  same,  natural  size. 

10.  Longitudinal  view  of  the  same,  natural  size. 

17.  Baissorsis  sufflatus,  Duncan  and  Sladen  (page  203).    Abactinal  view  of  the  test, 

natural  sbse. 

18.  Actinal  view  of  the  test,  natural  size. 

1 9.  Longitudinal  profile  of  the  test,  natural  size. 

20.  A  portion  of  the  abactinal  surface  to  show  the  apical  disk  and  the  ambulacral  petals, 

magnified. 

21.  Abactinal  view  of  the  test  of  a  young  example,  natural  size. 

22.  Actinal  view  of  the  same  test,  natural  size. 

23.  Longitudinal  profile  of  the  same,  natural  size. 

24.  A  portion  of  the  abactinal  surface,  magnified. 

25.  Hr.niASTEK,  sp.  (page  201).    Aluactinal  view  of  the  test,  natural  size. 

26.  Actinal  view  of  the  test,  natural  size. 

•  This  .-pedes  is  probably  included  by  accident  in  the  Khirthar  series. 
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PLATE  XXXVI. 


Figure  1.  Metis  .ia  scutipokm is,  d'Archiac,  sp.  (page  209).    Abactinal  view  of  the  teat,  natural 

size. 

2.  Act i ual  Ticvr  of  the  test,  natural  size. 

3.  Longitudinal  profile  of  the  test,  natural  size. 

4.  The  apical  disk,  magnified. 

5.  A  portion  of  the  abactinal  surface,  to  show  the  anterolateral  petal  and  the  fasciolc,  mag- 

nified. 

6.  Mktalja  acuTiroRMis  (?)  var.  kotcnda,  Duncan  and  Sladcn  (page  211).    Abactinal  view 

of  the  test,  natural  size. 

7.  Longitudinal  profile  of  the  teat,  natural  size. 

8.  Metama  i.kfklssa,  Duncan  and  Sladen  (page  211).    Abactinal  view  of  the  teat,  natural 

size. 

9.  Longitudinal  profile  of  the  test,  natural  size. 

10.  A  portion  of  the  abactinal  surface,  to  show  the  apical  disk,  the  ambulacra!  petals,  and  the 

fasciolc,  magnified. 

11.  Metalia  AaARiciroaMis,  Duncan  and  Sladcn  (page  213).     Abactinal  view  of  the  test, 

natural  size. 

12.  Actinal  view  of  the  test,  natural  size. 

13.  Longitudinal  profile  of  the  test,  natural  size. 

14.  A  portion  of  the  abactinal  surface,  to  show  the  apical  disk  and  the  ambulacral  petals, 

magnified. 

15.  Metalia,  ap.  (page  213).    Abactinal  view  of  the  test,  natural  size. 

16.  Longitudinal  profile  of  the  test,  natural  size. 

17.  Metalia,  sp.  (page  210).    Abactinal  view  of  the  specimen,  natural  size. 

18.  Pekipnepstks,  sp.  {page  234).    Abactinal  view  of  the  test,  natural  size. 

19.  Longitudinal  profile  of  the  test,  natural  size. 

20.  ScmzAsTKR,  sp.  (page  221).    Abactinal  view  of  the  test,  natural  size. 

21.  Longitudinal  profile  of  the  test,  natural  size. 

22.  Ecui.volampas,  sp.  (page  176).    Abactinal  view  of  the  test,  natural  size. 

23.  Longitudinal  profile  of  the  test,  natural  size. 
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PLATE  XXXVII. 


Figure  1.  Mil-raster  tvmidv*,  Duncan  anil  Sladen  (page  189).    Abactina!  view  of  the  test,  natural 


2.  Actinal  view  of  the  test,  natural  size. 

3.  Longitudinal  profile  of  the  test,  natural  size. 

4.  Odd  anterior  ambulacrum,  magnified. 

5.  Portion  of  one  of  the  petaloid  ambulacra,  magnified. 

6.  Apical  disk,  magnified. 

7.  Lintmia  oribntalis,  Duncan  and  Sladen  (page  217).    Abactinal  view  of  the  test,  natural 

size. 

8.  Actinal  view  of  the  test,  natural  size. 

9.  Longitudinal  profile  of  the  test,  natural  size. 

10.  Odd  anterior  ambulacrum,  magnified. 

11.  Portion  of  one  of  the  petaloid  ambulacra,  magnified. 

12.  Apical  disk,  magnified. 

13.  Abactinal  view  of  au  abnormal  unsymmctrical  test,  natural  sixc. 

14.  Abactinal  view  of  another  abnormal  unsymmctrical  test,  natural  size. 

15.  ScnizARTEK  rvmmetricus,  Duncan  and  Sladen  (page  220).    Abactinal  view  of  the  test, 

natural  size. 
10.  Actinal  view  of  the  test,  natural  sire. 

17.  Longitudinal  profile  of  the  test,  natural  sixc. 

18.  The  test  siren  from  behind,  natural  size. 

19.  Odd  anterior  ambulacrum,  magnified. 

20.  Portion  of  one  of  the  petaloid  ambulacra,  magnified. 

21.  Apical  disk,  magnified. 
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PLATE  XXXVII I. 


Figure  1.  MACRorNEUSTM  srtxiosus,  Duncan  and  Sladen  (page  229).    Abactinal  view  of  the  teat, 
natural  size. 

2.  Longitudinal  profile  of  the  tent,  natural  size. 

3.  Apical  disk,  magnified. 

4.  Portion  of  the  odd  anterior  ambulacrum,  magnified. 

5.  Portion  of  the  an tero. lateral  ambulacrum,  magnified. 

MACRorvrusTEs  rotundus,  Duncan  and  Sladen  (page  232).    Abactinal  view  of  the  tent, 
natural  size. 

7.  Actinal  view  of  the  test,  natural  size. 

8.  Eusi'ATANura  Avr.i.i.ANA,  d'Archiac  and  Haimc  (page  23.")).    Abactinal  view  of  the  test, 

natural  size. 

9.  Actinal  view  of  the  test,  natural  size. 

10.  Transverse  profile  of  the  test,  seen  from  behind,  natural  site. 

1 1 .  Longitudinal  profile  of  the  test,  natural  size. 

12.  The  peristome  and  surrounding  portions  of  the  test,  magnified. 

13.  The  apical  disk,  the  odd  anterior  ambulacrum,  and  the  right  anterolateral  petal, 

magnified. 

14.  Eu*fatanoijs  coaDiroRMis,  Duncan  and  Sladen  (page  238).    Abactinal  view  of  the  test, 

natural  size. 

15.  Ersj-ATANOLs  HosTOATis,  d'Archiac  (page  240).  Abactinal  view  of  the  test,  natural  size. 
10.  Actinal  view  of  the  test,  natural  size. 

17.  Longitudinal  profile  of  the  test,  natural  size. 

18.  Portion  of  a  lateral  ambulacrum,  to  show  ornamentation,  magnified. 

19.  BaissoPATAGirs  Sindenkik,  Duncan  and  Sladen  (page  22G).    Abactinal  view  of  the  test, 

natural  size. 

20.  Actinal  view  of  the  test,  natural  size. 

21.  Longitudinal  profile  of  the  teat,  natural  size. 
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A  DESCRIPTION 

OF  THE 

FOSSIL  ECHINOIDEA 

OF 

WESTERN     S  I  N  D. 


Fasciculus  4. — THE  NAM  SERIES  (OLIGOCENE). 
Putb  XXXIX.  XLI II. 

I.  Introductory  Remarks  on  the  Nari  Series. 

The  geographical  and  geological  posit iou  of  the  Nari  scries  has  been  described  on  a 
former  page*  of  this  description  of  the  Tertiary  Fossil  Echinoidea  of  Sind,  and  the 
details  of  the  succession  of  its  strata  also.  It  appears  that  this  thick  series  is  to  be 
divided  into  au  upper  and  lower  group,  the  first  attaining  the  great  thickness  of  4000 
to  6000  feet,  and  the  latter  from  100  feet  to  1500  feet.  The  lower  group,  which  is 
fossiliferous  and  contains  the  Corals  already  described  f ,  rests  conformably  on  the 
underlying  Khirthar  series.  Its  very  fossiliferous  strata  are  not  more  than  100  feet 
thick ;  and  there  is  a  clear  biological  break,  for  Xummulites  begin  to  be  scarce  in 
species  and  Orbituidts  come  in. 

The  Upper  Nari  series  is  unconformable  to  the  lower,  and  whilst  in  some  areas 
there  are  marine  fossils  indicated  by  the  presence  of  Orbitoides  papyracea,  in  others 
there  are  sandstones  which  have  only  yielded  plants. 

The  commonest  Nummulite  is  XummuUtes  Garanaensis ;  and  the  most  important 
Corals  common  to  the  Nari  and  the  European  equivalent  strata  are : — Trochocyathus 
cyclolitoidts,  Ed.  &  H.,  of  Itosazzo  in  Friuli,  and  S.  Giovanni  Ilarione;  Stylophora 


•  Fasciculus  1,  p.  4. 

+  Duncan,  Pal.  Ind.  Ser.  XIV.,  Foasil  Coral*  of  Sind. 
India,'  toI.  ii.  p.  45i>. 


Sec  also  Medlicott  and  Blanford,  '  Geology  of 
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pulcherrima,  d'Achiardi,  from  Friuli ;  Trochosmilia  varicosa,  Reuss,  from  Crosara  j  and 
Styloccenia  taurineiisis,  Ed.  &  II.,  and  Cyclo&rria  Perizi,  Ed.  &  H.,  from  the  same,  or  a 
slightly  higher  horizon  in  the  instance  of  the  Styloornim.  On  the  whole,  the  Coral-fauna 
was  littoral  and  stunted. 

It  was  the  belief  of  the  distinguished  authors  of  the  4  Geology  of  India  '  that  the 
Nari  group  was,  paheontologically  as  well  as  stratigraphically,  in  a  position  intermediate 
between  the  Khirthar  and  the  Gaj  groups.  The  results  of  our  work  in  the  palaeon- 
tology of  the  Corals  and  the  Echinoidea  quite  confirm  this  view ;  but  it  is  necessary  to 
modify  some  of  the  statements  made  it)  the  '  Geology  of  India'  regarding  the  vertical 
range  of  some  of  the  species  mentioned  therein.  The  following  is  the  resume  ghen  by 
Messrs.  Medlicott  and  Blanford,  op.  cit.  p.  402  :— 44  Although  some  species  pass 
from  the  Khirthar,  and  even  from  the  Ranikot  group,  into  the  Nari  beds,  the  fauna  is 
chiefly  distinct  and  marks  a  higher  horizon.  The  most  marked  change  is  perhaps  in 
the  Foraminifera,  because  they  are  so  abundant  and  characteristic:  whole  beds  of 
limestone  towards  the  base  of  the  Nari  group  being  entirely  made  up  of  Xuinmulites 
Uarameuste,  X.  sublaviyta,  and  Orbitoides  papyntcea,  the  last-named  frequently  of 
large  size,  some  specimens  being  two  to  three  inches  in  diameter;  yet  every  species  is 
distinct  from  those  occurring  in  the  Khirthar  group.  One  of  the  species  of  Nummu- 
lites,  X.  Garansenxis,  is  of  importance,  because  it  appears  in  Europe,  as  in  Sind,  in  the 
highest  strata  characterized  by  the  abundance  of  the  genus,  those  beds  being  at  the 
base  of  the  Miocene.  X.  sublaviyata  is  peculiar,  so  far  as  is  known,  to  India.  Several 
of  the  Mollusca  and  Echinodertuata  of  the  Nari  beds  also — such  as  Siliqunria  (hand, 
Solarium  affiite,  Venus  grnnosa,  and  Clypeaster  profuitdw — show  distinctly  Miocene 
affinities,  and  some  of  these  pass  up  into  the  Gaj  group.  But  at  the  same  time  there 
are  so  many  Eocene  forms  present,  such  as  Xatira  fiatuh,  X.  sigaretitia,  Ostrea  Jinbel- 
lu/a,  Vulufa  juyosa,  &c,  that  it  is  somewhat  difficult  to  decide  to  which  subdivision  the 
Nari  beds  should  be  assigned.  They  may  perhaps  occupy  an  intermediate  position, 
similar  to  that  of  the  Oligocene  of  continental  geologists." 

"NVe  find  that  the  Echinoidea  of  the  Nari  group  are  very  characteristic,  and  that 
only  one  reliable  species  of  the  collection  sent  to  us  passes  up  into  the  Gaj  group,  viz. 
Sc/iizaxter  Granti,  nobis,  which  is  the  common  Sclihaahr  of  the  Miocene  of  Kaebh  and 
Kattywar,  and  which  can  be  readily  mistaken  for.V.  Hntuchistuneims,  d'Arch.  &  Ilaime. 
This  last-mentioned  Schizastrr  is  not  found  in  the  Nari  beds.  Euspatanqua  rastmtits, 
d'Arch.,  is  common  in  the  Khirthar  group  and  in  the  Nari  beds,  but  the  Clypeasten  of 
the  Nari  group  are  peculiar. 

There  is  a  mutilated  specimen  of  a  variety  of  Culopleurus  Forbexi,  d'Arch.  &  Haime, 
in  the  Nari  collection ;  and  if  it  is  really  a  Nari  form,  which  is  a  matter  of  doubt,  this 
species  must  be  included  in  the  Nari  fauna.   But  in  Kachh  it  is  only  found  iu  the  Miocene. 

The  existence  of  an  Oligocene  series  in  Sind  is  as  well  established  as  it  is  in  Kachh. 

Of  the  Echinoidea  mentioned  in  the  Survey  of  Sind  as  characteristic  of  the  Nari 
group,  only  one  really  is  so.  The  forms  which  were  collected  should  come  under 
other  names ;  for  those  given  to  them  arose  from  conscientious  attempts  to  identify 
specimens  with  the  descriptions  of  MM.  d'Archiac  and  Haime. 
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II.  List  of  the  Fossil  Echinoidea  from  the  Nari  Series. 
Order  ECHIKOILEA  ENDOCYCLICA 

Family  OIDABIDJB. 

Genu*  Cimms,  Klein,  17IJ4. 
Cidaris  sp. :  j>.  250. 

Family  AllBACIADAV. 
Genus  Omaaaxmn,  Ay<usU.  1840. 

Cu-lopleurus  cquis,  Agattiz:  p.  251. 

(»yu.  «ironiJii»,  Klein.) 

 Pratti,  tfArchiar  £  llnime;  p.  254. 

  Furbesi.  .TArchioe  $  //«.««?:  p.  258. 

Order  E  C  II  I  N  0  I  D  E  A  EXOCYCLICA. 

flhtabr  Q  X  ATHOSTOMATA. 

Family  CL  YPKASTRIDJS, 
Sulfa  mi!  if  E  r  C  I,  T  P  E  A  S  T  B I S  X . 

fifmu  Gummm,  Lmmartk,  1801. 

ClvppaNter  niinptas,  Dunmn  4'  Sladrn :  p.  257. 

 ininitionlifiTn,  huneaii  4"  Sladrn :  p.  258. 

  up.  :  p.  257. 

Suborder  ATELOSTOM  ATA. 

Family  CASSIDULIDJS. 
Sulfa mily  EcuixuUMriSJ. 
Otnvt  Eohnulamfah,  Gray,  1825. 
Kchinohmpita  diflieilis,  Duncan  Jt  Sladen  :  p.  258. 

■  d'Arcliiaei,  Dattran  4'  Sladrn:  p.  259. 

 KadakensU,  /Win  4>  Sladrn :  p.  200. 

 diwoideiw,  d" Arthiar :  p.  Ml. 

—  ,  vnr.  a,  Duncan  4-  Sladrn  :  p.  262. 

 ,  var.  /3,  Duncan  4"  Sladrn  :  p.  20:1. 

 ,  var.  y,  Duncan  $  Sladrn:  p.  2IK1. 

 pUci-ntu,  Duncan  ,y  SUidnt :  p.  264. 

^— -  tumidu,  Duncan  4"  Sladrn  :  p.  205. 
—  ,  var.,  />uiicaa  4*  Sladrn  :  p.  267. 

JW/y  SPATAXGID.E. 

Genm  EusTATAxnns,  .[.f  iwi.-,  1847. 
Euaputanjrus  rots t rat ub,  aVArchiae :  p.  267. 

Gm»«  ScaiZAKTEB,  Ayartiz,  1836. 
Schimtcr  Gratiti,  Ztaiiran  4-  Sladen  :  p.  208. 
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List  of  the  Specie)  of  Fossil  Echinoidea  from  tlie  Nari  Series  (Oliaocene). 


1.  Cidari*,  «p. :  p.  250. 

2.  C<eloplcuru»  cquU,  Atjattiz  :  p.  251. 

3.   Pratti,  fArchiat  d-  £Um  :  p.  254. 

4.   Forbeai,  tTArcniac  Jr  Haimt  :  p.  258. 

5.  Clypeaater  simplex,  Duncan  <J"  Sladtn :  p.  257. 

6.   montii-ulifirm  Duntan  If  Sladtn  :  p.  25H. 

7.   »p. :  p.  257. 

8.  Echinolmnpas  difficilis,  Duncan  If  Sladtn  :  p.  258. 
i).   d'Archiaci,  Duncan  d-  Sladtn :  p.  25!». 

10.   Kadakcnsin,  />unciin  d-  Sladtn :  p.  200. 

11.    discoideus,  J-Archiae:  p.  261. 

12.  ,  var.  a,  Duncan  if  Sladtn  :  p.  202. 

13.  ,  Tar.  ii,  Duncan  If  Sladcn  :  p.  203. 

14.  ,  Tar.  y,  Duncan  $  Sladen  :  p.  283. 

15.   placenta,  Duncan  J-  Slailcn  :  p.  204. 

16.   tumidu,  Duncan  J-  Sladtn :  p.  265. 

17.  ,  var.,  />wwiji»  d-  Sladtn:  p.  207. 

18.  Kuapatangu*  Tontratua,  ifArchiae :  p.  207. 


19.  Schizaster  Uranti,  Duncan  J(  ShuUn:  p.  203. 

Total  species  and  varieties,  19. 


III.  Descriptions  of  the  Species. 

Order  ECHINOIDEA  ENDOCYCLICA. 

Family  C1DAR1D3L. 
Genus  CIDARIS,  Klein,  1734. 

1.  Cidabis,  sp.    Plate  XXXIX,  Figs.  1  &  2. 

There  are  three  very  indifferent  specimens  of  a  Cidaris  in  the  collection  from  the 
Nari  beds ;  they  are,  however,  better  preserved  than  the  specimens  from  which 
MM.  d'Archiac  and  1 1;. inn:  determined  their  Cidaris  Yerneuili.  This  last-mentioned 
species  has  given  us  great  trouble,  for  the  description  of  it  is  not  satisfactory.  It 
whs  founded  upon  very  imperfect  specimens,  and  the  special  characters  of  the  form 
turn  out  not  to  be  very  well  defined.  The  specimens  of  a  Cidaris  in  the  collection 
now  under  consideration  present  some  of  the  characters  of  C.  Vemeuili,  but  careful 
examination  proves  that  the  species  are  distinct. 

The  shape  of  the  Nari  specimens  is  rather  low,  flat  above  and  below,  and  rounded  at 
the  sides.  The  median  area  of  the  interambulacra  is  large,  broad,  and  marked  with 
long  furrows  which  reach  from  the  scrobicular  margin  of  the  great  tubercles  to  the 
median  sutural  line.  There  is  a  raised  and  narrow  surface  between  each  pair  of 
grooves  which  is  marked  with  distant  and  very  visible  miliarics,  in  one  row.    There  is 
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often  great  irregularity  in  the  direction  of  the  furrows,  and  they  then  stretch  across 
the  median  line  and  appear  to  merge  into  those  of  the  opposite  plate.  The  small 
tubercles  around  the  Bcrobicular  margin  are  distant,  and  have  their  mamelon  elongate 
in  shape  and  low.  On  the  ambulacral  side  of  the  scrobicular  margin  there  is  con- 
siderable space,  and  it  is  occupied  by  furrows  and  ridges  similar  to  those  of  the  opposite 
side,  but  they  are  shorter ;  they  are  longer,  however,  than  in  C.  Verneuili.  The  coronal 
plates  are  much  broader  than  high,  and  they  are  separated  from  those  above  and  below 
by  a  decided  sutural  furrow  and  by  the  small  tubercles  of  the  scrobicular  margin. 
Moreover  the  scrobicular  spaces  of  the  great  tubercles  are  just  separated  by  the 
furrow  and  the  thin  line  of  small  tubercles.  There  are  ten  or  thirteen  pairs  of 
pores  in  relation  to  each  coronal  plate,  and  the  ridges  and  furrows  come  close  to 
them  from  the  scrobicules.  Some  of  the  pairs  are  conjugate,  others  are  not.  It 
appears  that  there  is  a  minute  miliary  granulation  upon  the  interporiferous  zones,  and 
that  it  is  earned  on  to  the  structure  between  the  pore*. 

The  dimensions  of  the  specimens  is  about— breadth  62  millim.,  height  32  millim.? 

Locality.  Nari  series,  Oligocene  of  Sind.  Hindi  Hill ;  'I  rak  Hill.  Survey- 
numbers  G        G  Vr*. 

Illustrations  of  the  Species  in  Plate  XXXIX. 

Fig.  1.  Side  view  of  the  test. 

2.  A  coronal  plate  and  part  of  an  ambulacrum  :  magnified. 

Family  AllIiACIAVM. 

Genus  CXELOPLEURU8,  Agassi:,  1810. 

Small  Urchins  more  or  less  depressed,  sometimes  a  little  elongate ;  with  a  thin 
test  and  simple  pores.  Tubercles  neither  crenulate  nor  perforate.  Peristome  small 
and  slightly  incised.  Larger  intcrambulacral  tubercles  disappear  before  reaching  the 
abactinal  surface,  only  secondary  tubercles  reaching  the  ajiex  in  some  species,  so  that 
the  interradia,  above,  resemble  smooth  bands  which  are  often  highly  ornamented.  The 
ambulacra  project  and  have  two  rows  of  tubercles. 

1.  CVelopleurus  eqcis,  Agassiz.    Plate  XXXIX,  Figs.  3-8. 

D'Archiac  and  Haime  {op.  cit.  p.  198)  describe  Calopleurus  coronal is,  Klein, 
from  the  French  Numinulitic,  as  a  species  found  in  the  "  Chaine  d'Hala."  This  species 
has  the  synonyms  of  V.  eqnis,  Agass.  (fatal.  Sj/st.  p.  12),  and  C.  nitidus,  Kbnig,  sp., 
and  is  characterized  by  the  presence  of  a  single  row  of  secondary  tubercles  smaller 
than  the  primaries  extending  along  the  flanks  of  the  poriferous  zone  of  the  ambulacra 
from  the  apex  to  the  peristome ;  they  are  small  abactinally,  and  increase  in  size  at  the 
ambitus.    The  ambulacra  project  considerably. 
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Unfortunately  d'Archiac  and  Haime  described  this  species  from  a  Tory  imperfect 
sjiecimcn,  and  necessarily  limited  the  number  of  smaller  tubercles  in  relation  to  the 
large  primaries  of  the  interradia.  They  state  there  are  seven  large  tubercles  in  each 
vertical  series  flanked  externally  by  a  row  of  five  smaller,  some  unequal  granulations 
intervening  between  them. 

Desor  gives  a  figure  of  this  species  (Synopsis  des  Echinidcs  Fossiles,  plate  xvi, 
ti:rs.  4-G ).  The  specific  distinctions  are  clearly  given  :— 1.  The  pentagonal  and  depressed 
shape  of  the  test.  2.  The  protuberance  of  the  ambulacra.  3.  Well-developed  tubercles ; 
primaries  in  the  interporiferous  area  up  to  the  beginning  of  the  ambulacrum.  4. 
Actinally,  a  distinct  row  of  secondary  tubercles,  large  in  size,  between  the  rows  of  the 
primaries  of  the  interradia  and  the  poriferous  zone  of  the  ambulacra.  This  row 
extends  in  a  single  vertical  series  of  secondary  tubercles  to  the  ambitus,  and  there  is 
a  smaller,  but  equally  linear  series,  reaching  to  the  abactinal  system,  u.  Primary 
tuberdei  in  the  interradilim  above  the  ambitus,  two  or  they  may  be  three  in  number, 
small,  and  not  extending  on  the  wide  bare  median  space. 

There  are  two  types  of  this  species  in  the  Nari  series.  One  is  as  depressed  as 
Dcsor's  type,  and  the  other  is  a  little  higher.  The  vertical  row  of  secondaries,  much 
smaller  titan  the  interradial  primaries,  and  of  about  the  size  of  the  small  ambulacral 
primaries  near  the  radial  (ocular)  plates,  is  very  distinct  and  characteristic. 

The  apical  system  is  large  aud  the  anal  rim  projects  upwards  slightly;  there  are 
live  nr  six  lame  miliaries  in  a  row  on  the  madreporite  at  the  rim-edge,  and  about  three 
to  five  on  each  of  the  other  basal  (generative)  plates,  either  in  a  curve  or  straight  line. 
A  knob  larger  than  these  miliaries  is  on  each  basal  plate.  The  basals  (generative  plates) 
are  large  and  unequal ;  the  madreporite  is  much  the  largest,  and  that  of  the  inter- 
radium  No.  1  (Loven)  is  a  little  smaller,  and  the  others  are  decidedly  smaller.  They 
have  a  blunt  angular  process  adorally ;  and  in  one  specimen  the  generative  pores,  large 
and  open,  are  near  the  outer  margin  of  most  of  the  plates,  but  they  are  central  in  another. 
The  radial  (optir)  plates  are  sunken,  not  very  large,  and  have  the  outer  or  actinal 
margin  with  a  reentering  curve.  On  the  plates  are  miliaries  and  ridges,  in  an  arch 
which  completes,  as  it  were,  the  ambulacral  petal,  and  also  a  row  of  granules.  There 
is  a  central  projection  on  the  adoral  edge  which  separates  the  optic  foramen  into  two, 
which  are  hidden.  The  anal  opening  is  large  and  oblique,  its  long  axis  passing  through 
iuterradiutn  3  and  ambulacrum  I.  (Loveu). 

There  are  twenty-two  primary  tubercles  in  each  ambulacrum,  and  they  increase  in 
size  from  the  peristome  to  the  ambitus,  and  diminish  to  the  abactinal  end.  The 
smallest  tuberc  le  is  close  to  tin-  radial  (optic)  plate.  The  ambulacra  are  very  prominent 
above  the  ambitus,  but  are  not  more  projecting  than  the  interradia,  when  the  test  is  seen 
from  the  actinal  surface.  The  narrowness  of  the  ambulacra  is  evident,  and  the  tubercles 
are  close ;  there  is  an  incomplete  row  of  large  miliaries  along  the  median  suture,  and 
birge  shallow  pits  are  at  the  sutural  angles  in  the  median  line  near  the  peristome.  The 
pcristomial  cuts  are  small ;  and  the  width  of  the  peristomial  end  of  the  ambulacra  is 
equal  to  that  of  the  interradia  in  that  position. 


The  pairs  of  pon  s  of  the  ambulacra  are  in  slightly  curved  triplets,  from  close  to 
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the  apical  system  downwards,  and  at  the  ambitus  the  inuer  pore  of  each  pair  is  within 
the  line  of  the  circumference  of  the  base  of  the  tubercle  close  by.  The  lower  pair 
of  the  triplet  is  at  the  lower  edge  of  the  tubercle,  and  a  little  more  towards  the  median 
line  than  the  others. 

In  well-preserved  specimens  there  is  on  every  plate  which  carries  a  large  primary,  a 
smaller  tubercle,  and  it  is  placed  (  Plate  XXXIX,  Fig.  6)  near  the  adoral  and  outer  edge. 
Above  the  ambitus,  where  the  larger  tube  rcles  cease,  the  secondary  persists  ou  each 
plate  and  occupies  the  same  relative  position  as  elsewhere  (Fig.  5). 

The  interradial  tubercles  dirainisli  in  size  above  and  below  the  ambitus,  and  there 
are  two  visible  from  above.  The  greater  part  of  the  median  surface  above  the  tubercle- 
bearing  plates  is  plain.  There  are  zigzag  lines,  and  there  is  an  ornamentation  on  each 
plate,  which,  starting  from  the  vertical  miliary  and  tuberculatc  edge  on  the  outer 
third,  forms  angular  ridges  and  grooves  which  impinge  on  the  median  sutural  lines, 
and  unite  these  with  those  of  the  opposed  plates  (Fig.  y).  The  ornamentation  of  the 
outer  third  of  the  plate  consists  of  a  narrow  raised  vertical  ridge  of  elongate  granules ; 
beyond  this  is  a  vertical  row  of  distant  small  secondaries,  one  tubercle  being  placed 
on  the  lower  and  outer  angle  of  each  plate.  Between  these  secondaries  arc  a  few 
large  miliarics,  sometimes  in  rows  of  threes  or  fours.  It.  is  this  row  of  small  tubercles 
which  characterizes  the  species.  Usually  there  is  but  one  small  tubercle  on  each  plate, 
but  towards  the  ambitus  there  may  be  two,  but  this  is  not  universal.  There  is  more 
miliary  tuberculation  between  the  tubercles  at  the  ambitus  and  lower  down  for  a  short 
space  than  elsewhere.  All  the  primary  and  secondary  tubercles  have  a  broad  bas<-, 
no  sunken  scrobicule,  and  a  small  projecting  mameloii.  The  lowest  ot  the  vertical 
row  of  secondaries  is  small,  and  it  is  turned  slightly  out  of  its  line  by  the  existence  of  a 
long  angular  tag  or  continuation  of  the  peristomial  cut.  Each  tag  extends  up  the 
ambulacrum  as  high  as  the  third  set  of  triplets,  and  is  marked  by  some  of  the  sutures 
of  the  poriferous  plates.  Between  the  primaries  of  the  interradia  there  is  a  small  row 
of  miliarii-s ;  it  extends  along  the  median  and  partly  transverse  sutural  lines. 

Dimensions.  Height  16  millim.,  length  27  million. 

Locality.  Nari  series,  Oligocene  of  Sind.  West  side  of  Bhagothoro  Hill,  south  of 
Sehwun.    Survey-number  G  V«?- 

Illustrations  of  the  Species  in  Plate  XXXIX. 

Fig.  3.  The  test,  abactinal  view. 

4.  The  side  view. 

5.  Interradial  plates,  lower  part  of  4th  and  the  whole  of  the  5th 

from  the  apex  :  magnified. 

G.  Interradial  plate  at  ambitus :  magnified. 

7.  The  triplets  of  pores  and  an  ambulacral  tubercle,  actinal  surface. 

8.  The  apical  disk:  magnified. 
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2.  CffiLOPLEcnus  Pratti,  (TArchiac  &  ITaime.    Plate  XXXIX,  Figs.  9-12. 

The  following  is  the  diagnosis  of  MM.  d'Archiac  and  Haime  (op.  cit.  p.  109) : — 
The  test  is  subcircular  and  moderately  high  and  rather  convex  above ;  periproct  rather 
small,  and  the  generative  pores  large  and  opening  in  the  middle  of  the  genital  plates, 
which  are  rather  longer  than  broad,  and  slightly  angular  externally.  Ambulacral  areas 
three  fourths  the  breadth  of  the  iuterradia.  Pores  in  rather  close  pairs,  which  form  in 
the  actinal  half  short  scries  of  slightly  inclined  triplets.  The  pores  arc  large,  circular, 
those  of  the  same  pair  nearly  horizontal,  separated  by  a  broader  space  abactinally  than 
actinally.  Twelve  ambulacral  plates  for  each  vertical  series,  almost  as  high  as  broad, 
and  pierced  by  three  jmirs  of  pores;  their  internal  two  thirds  are  occupied  by  a  large 
projecting  primary,  and  there  are  fine  granulations  on  the  sutural  lines.  The  iuterradia 
consist  of  twelve  plates,  which  are  usually  twice  as  high  as  broad.  They  have  a  vertical 
line  which  is  granular  and  projecting,  which  limits  the  abactinal  smooth  median  area, 
and  which  actinally  divides  the  plates  in  half ;  the  internal  part  there  is  covered 
with  a  large  tubercle,  and  the  outer  with  a  moderately  large  tubercle  and  a  smaller  one 
external  to  it.  All  the  tubercles  are  imperforate  and  non-crenulatc,  and  stand  on  a 
thin  base.  The  long  diameter  is  32  milliin.,  and  the  short  2  millira.  less.  Height 
19  millim.,  peristome  12  millim.,  periproct  3  millim. 

Only  one,  much  altered  specimen,  was  seen  by  MM.  d'Archiac  and  Haime;  but 
the  examination  of  the  specimens  from  the  Nari  series  iudicates  that  their  diagnosis  is 
correct  in  the  main. 

The  following  observations  arc  recorded  as  the  results  of  our  study  of  the  numerous 
specimens  forwarded  from  India.  They  are  taken  in  the  order  of  the  diagnosis  given 
above: — 

1.  The  shape  is  circular  in  outline  actinally,  but  the  projection  of  the  ambulacra 
abactinally  gives  a  pentagonal  appearance  which  becomes  less  with  age  and  size.  The 
convexity  above  is  well  seen  along  the  ambulacra. 

2.  The  apical  system  is  large.  The  periproct  is  oblique,  its  longest  axis  being 
in  the  direction  of  a  line  traversing  ambulacrum  No.  1  and  intcrrndium  No.  3 
(Loven);  it  is  rather  lirgc  in  relation  to  the  diameter  of  the  test.  The  basal  (gene- 
rative) plates  are  not  quite  equal  in  size,  the  madreporite  being  the  largest ;  their 
outer  edge  is  a  blunt  angle  (about  a  right  angle),  and  it  projects  decidedly  into  the 
iuterradium.  The  madreporite  forms  a  sharper  angle.  The  aboral  edges  of  the 
plates  form  a  raised  ring  around  the  periproct,  and  it  carries  a  close  row  of 
large  miliaries.  Each  plate  has  a  prominent  tubercle  on  it,  and  just  external  to 
it  is  the  generative  pore,  which  is  large,  a  little  external  to  central.  The  pore 
of  the  madreporite  is  nearer  the  margin  of  the  plate.  The  radial  (optic)  plates 
are  large ;  their  inner  or  apical  part  is  formed  by  two  curveit  edges  joining  at  a 
very  open  angle  ;  their  sides  also  curved,  concavity  outwards,  slope,  but  so  as  to 
make  the  curved  (concavity  actinally)  adoral  edge  broad ;  this  broad  curve  has  a 
minute  central  projection,  and  under  it  is  the  double  optic  pore.  In  some  specimens 
the  double  foramen  is  visible  a  little  way  from  the  adoral  edge  on  the  surface  of  the 
plate.    It  is  in  a  curved  depression.    The  distance  from  the  periproct-edge  to  the 
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actinal  margin  of  the  radial  plate  is  nearly  equal  to  that  from  the  margin  to  the  angle 
of  a  basal  plate.  The  ornamentation  of  the  plates  consists,  besides  the  miliarics 
already  noticed,  of  others  which  are  on  either  side  of  the  tubercle  on  the  basals,  and  a 
group  on  the  radial  plates.  Ridges  pass  from  the  great  tubercle  outwards  and  down- 
wards, cross  the  basal  plate,  and  reach  the  radial  and  pursue  the  same  direction. 

3.  The  width  of  the  ambulacra  is  not  much  more  than  one  half  of  that  of  the 
interradia  at  the  ambitus,  and  this  is  very  characteristic.  The  tubercles  reach  up  nearly 
to  the  radial  (optic)  plate. 

4.  The  pores  are  large  and  circular,  and  the  pairs  very  distinct;  the  poriferous 
zones  form  a  wide  angle  at  the  radial  plate. 

5.  In  large  specimens  there  are  26  tubercles  on  the  interporiferous  area,  with 
three  pairs  of  pores  to  the  1 3  large  tubercles  on  either  side  of  the  median  line  ;  the 
intrusion  of  the  pores  into  the  scrobicular  circle  is  common  to  this  and  other  species 
(Fig.  10).  The  lower  pair  of  pores  of  the  triplet  is  nearer  the  median  line  than  the 
others ;  and  in  well-preserved  specimens  the  pairs  are  separated  by  a  surface  on  which 
there  is  a  row  of  three  small  miliaries ;  the  pores  are  non-conjugate.  The  arrange- 
ment of  the  ambulacral  plates  is  as  in  all  Ccelopleuri.  The  large  tubercle  has  a  sutural 
line  which  passes  on  to  and  up  it  close  to  the  mamelon  from  the  upper  pair  of  pores ; 
it  then  suddenly  turns  abactinally,  and  reaches  the  abactinal  edge  of  the  plate.  A 
corresponding  line  passes  from  the  middle  pair  on  to  the  tubercle ;  it  does  not  touch 
the  other,  however,  but  curves  ai  finally  to  reach  the  actinal  edge  of  the  plate.  Hence 
a  space  exists  between  these  two  sutural  lines,  and  comprehends  the  space  between  the 
middle  pair  and  the  upper  pair  of  pores,  the  mamelon  on  the  top  of  the  tubercle, 
and  all  the  plate  towards  the  median  line.  There  arc  thus  three  plates  to  each  tubercle- 
bearing  plate— one  abactinal,  small ;  one  actinal,  nearly  of  the  same  size  and  shape :  and 
one  between  these,  narrow  at  the  top  of  the  tubercle  but  comprehending  the  mass  of 
the  plate.  The  small  plates  are  deini-plates  and  do  not  reach  the  median  line,  but  the 
middle  plate  is  great  and  does  so.  The  third  pair  of  pores  has  its  adoral  pore  on  the 
actinal  line  of  suture  of  the  lower  6mall  plate.  (Fig.  12,  and  see  Fig.  7  :  these 
drawings  are  semi-diagrams.)  The  imperfect  union  of  the  sutures  shows  that  plates 
1  and  3  are  intercalated  on  the  large  plate  2  of  the  triple  combination.  Near  the 
peristome  the  pairs  of  pores  become  small  and  more  oblique. 

The  peristomial  cut»  are  visible  and  small :  a  tag  passes  abaciinally  close  to  the 
poriferous  zone,  which  is  long  and  narrow,  and  is  crossed  attinally  by  ridges  and 
grooves. 

6.  The  median  line  of  the  ambulacrum,  narrow  in  the  extreme  from  the  size  of  the 
bases  of  the  bosses,  has  a  row  of  miliaries  on  it,  but  actinally  at  the  angles  of  the 
sutures  in  the  median  line  there  are  fossettes,  which  vary  in  size  and  depth,  and  may 
not  be  present. 

7.  The  interradia,  bare  abactinally  to  the  sixth  plate  from  the  generative  plate, 
are  slightly  concave  there  on  the  median  line,  and  this  part  is  bounded  laterally  by  a 
rather  broad  edge  which  carries  a  vertical  row  of  secondaries  separated  by  miliaries, 
which  aho  are  seen  beyond  and  near  the  pores  of  the  ambulacra.    At  about  the  fifth 
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plate  the  vertical  row  of  secondaries  has  a  second  one  between  it  and  the  pores.  The 
obliquity  of  the  direction  of  the  three  secondaries  explains  the  singularly  oblique  shape 
of  the  coronal  plates  (Fig.  12,  in  which  the  outlines  of  the  plates  are  shown  without  these 
secondary  tubercles).  At  the  ambitus  these  vertical  secondaries  are  in  three  rows. 
Each  row  is  oblique ;  the  largest  secondary,  very  much  smaller,  however,  than  the 
primary,  is  close  to  it,  and  the  other  two  form  a  close  line  near  the  actinal  and  outer 
edge  of  the  plate.  There  may  be  only  two  secondaries,  but  in  large  forms  there  are 
three  at  the  side  of  the  largest  primaries.  More  actinally  there  are  only  two,  and 
near  the  radial  plate  only  one.  Above  the  oblique  line  of  secondaries  is  a  crowd  of 
miliaries  at  the  ambitus,  and  this  diminishes  actinally.  In  the  median  line,  from  the 
ambitus  adorally,  there  arc  two  rows  of  miliaries  with  an  occasional  third,  and  the 
miliaries  pass  along  the  horizontal  sutures  as  well  here  and  there.  Above  the  ambitus 
the  ornamentation  is  of  large  open  zigzag  grooves. 

There  is  no  doubt  that  Caelopleurus  Pratti  is  distinct  from  Catlopleurus  equis ;  and 
that  the  numerous  secondary  tubercles  on  the  outer  part  of  the  interradial  plates,  with 
the  miliaries  above  and  below  them  and  in  the  median  line  also  below  the  ambitus, 
distinguish  this  species  from  C.  equis.    The  narrow  ambulacra  are  very  distinguishing. 

But  when  Caelopleurus  Forbesi,  d'Arch.,  of  the  Miocene,  is  compared  with  C.  Pratti 
all  sorts  of  difficulties  arise,  and  principally  because,  like  many  of  MM.  d'Archiac  and 
Uaime's  species,  it  is  founded  on  a  solitary  specimen  which  we  should  pass  by  as 
unworthy  of  notice.  This  species  will  be  considered  in  dealing  with  the  Gaj  Echini 
in  the  next  Fasciculus,  and  it  is  only  necessary  to  remark  that  a  worn  and  very  probably 
derived  specimen  iB  in  the  Nari  collection. 

Dimensions.  Height  15,  breadth  27  millim. ;  height  17,  breadth  31  millim. 

Others  measure :  height  17  millim.,  breadth  34  millim. ;  height  13  millim.,  breadth 
26  5  millim.    These  arc  more  depressed  than  the  type  of  d'Archiac  and  Haime. 

Localities.  Nari  or  Oligocene  series  of  Sind.  West  side  of  Bhagothoro  Hill, 
south  of  Sehwan.    Hindi  Hill.   Survey-numbers  G  W»  G  W- 

Illustrations  of  the  Species  in  Plate  XXXIX. 

Fig.  9.  The  abactinal  view  of  the  test. 

10.  The  ambulacral  and  interradial  areas  at  the  ambitus:  magnified. 

11.  Apical  system :  magnified. 

12.  Semi-diagram  of  the  oblique  interradial  plates  and  of  the  direction  of 

the  ambulacral  sutural  lines  :  magnified. 
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Order  EC  HINOIDE  A  EXOCYCLICA. 

Suborder  GNATHOSTOMATA. 
Family  CL YPEASTRIDM. 

Suhfamily  EUCL  TPEASTRINJB, 

Genus  CLYPEASTER,  Lamarck,  1801. 

1.  CUFUann  simplex,  Ihmcan  &  Sladen.    Plate  XL,  Figs.  1  &  2. 

The  tost  is  pentagonal  in  outline,  with  the  posterior  angles  truncated  and  the 
anterior  angle  rather  acute ;  the  lines  of  the  sides  are  slightly  inclined  to  the  posterior 
angle,  and  the  posterior  edge  is  nearly  straight  and  rather  narrow. 

The  length  is  greater  than  the  breadth,  and  the  test  is  depressed,  rising  gradually 
from  the  rather  sharp  margins  to  the  apex.  Actinally  there  is  considerable  concavity, 
and  the  ambulacral  lines  there  are  well  marked.  Peristome  not  visible.  Periproct 
small  and  near  the  edge.  The  petals  are  broad  and  long,  hardly  tumid,  and  rather 
tend  to  close.  They  are  equal  in  length  and  extreme  breadth  inter  ae,  and  the  only 
distinction  is  that  the  anterior  is  perhaps  -5  million,  the  longest ;  their  shape  does  not 
differ,  and  none  are  swollen. 

The  poriferous  zones  are  broadest  in  the  outer  third,  and  diminish  rather  rapidly  ; 
they  tend  to  close,  and  the  left  anterior  (zone  b)  overlaps  slightly  the  right  one  (zone  «). 
The  closing  is  not  perfect  in  any  one.  The  outer  pores  are  the  largest,  and  are  more 
elliptical  than  those  of  the  inner  row. 

Dimensions.  Length  64  5  tnillim.,  breadth  59  millim.,  heightT5  millim. 

Locality.  Nari  series  (Oligoccne).  Baran-River  section,  eight  miles  below  l  ong. 
Survey-number  G 

Illustrations  of  the  Species  in  Plate  XL. 

Fig.  1.  The  test,  from  above. 

2.  Longitudinal  outline  of  test. 

2.  Clyprajster,  sp.    Plate  XXXIX,  Figs.  13  &  14. 

Some  small  specimens  of  Clypeaster  of  the  Clypeastcr-depressus,  Sowerby,  type,  but 
differing  somewhat  from  that  species,  are  in  the  collection.  They  are  not  sufficiently 
preserved  to  describe  fully,  and  therefore  we  have  drawn  what  can  be  seen. 

localities.  Nari  (Oligocene).  Baran-River  section,  eight  miles  below  Tong,  and 
from  a  high  bed :  and  Trak,  seventeen  miles  south  of  Bula  Khan.  Survey-numbers 

6W,GW- 

Illustrations  of  the  Species  in  Plate  XXXIX. 

Fig.  13.  A  specimen,  abactinal  view. 

14.  The  same,  from  the  actinal  surface. 
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3.  C'ltpbaster  Mo.vrictJLtrEBA,  Duncan  <£•  S lad  en.    Plate  XL,  Figs.  3  &  4. 

A  Clypeaster,  elliptical  in  shape,  with  a  decided  boss  in  the  position  of  the  apical 
system,  and  subequal  widely  open  ambulacra,  and  a  concave  actinal  surface. 

Locality.  Nari  series.  West  side  of  Bhagothoro  Hill,  south  of  Sehwan.  Survey- 
number  G 

Illustrations  of  the  Species  in  Plate  XL. 

Fig.  3.  The  test,  from  above. 
4.  Longitudinal  outline. 

Suborder  ATELOSTOMATA. 
Family  CASS1DULWJS. 

Subfamily  ECUISOLAHPIUJR. 

Genus  ECHINOLAM  PAS,  Gray,  1825. 

The  Nari  series  contains  many  species  of  this  genus,  and  some  are  small  and  others 
are  large  forms.  Although  depressed  in  height,  these  last  cover  in  some  instances  a 
greater  area  than  any  hitherto  known  forms. 

1.  EcmitOLAMPAS  dikficilis,  Duncan  &■  Sladen.    Plate  XL,  Figs.  5-7. 

The  test  is  irregularly  oval  in  outline,  rounded  in  front,  broader  behind  the 
anterolateral  ambulacra  than  in  front  of  them,  broadest  at  about  two  thirds  of  the 
length  from  the  posterior  zone  of  the  antero-latcral  ambulacra  to  the  anterior  zone  of  the 
posterior  ambulacra,  and  it  narrows  thence  to  the  median  line  behind,  being  slightly 
nipped-in.  The  margins  are  rounded,  tumid  in  front  and  at  the  sides,  and  become 
thinner  at  the  posterior  ambulacra  and  behind. 

The  test  is  rather  low,  has  its  highest  point  nearly  central,  and  slopes  gradually 
and  very  nearly  equally  to  the  front  and  backwards. 

The  apical  system  is  slightly  excentric  in  front,  about  one  fifth  of  the  whole  length  ; 
it  is  on  the  anterior  slope  of  the  test.  The  disk  is  large,  the  pores  of  the  anterior 
basals  (generative  pair)  are  closer  together  than  the  posterior,  aud  the  madreporic 
body  is  broad  behind. 

The  petals  are  rather  blunt  at  the  apex,  are  long,  with  slightly  sunken  poriferous 
zones  and  faintly  tumid  interporiferous  areas.  They  show  very  slight  indications  of 
closing,  and  arc  unequal  in  size. 

The  anterior  ambulacrum,  the  shortest  and  slightly  the  narrowest,  is  lanceolate  in 
outline,  and  the  poriferous  zones  keep  widely  open  to  the  end.  The  right  zone  (a)  is 
the  shorter  of  the  two.  As  is  the  case  with  the  other  zones,  they  are  narrow  and  about 
one  half  of  the  breadth  of  the  interporiferous  area.  The  pores  are  large,  the  inner 
are  smaller  and  circular  in  outline,  and  the  outer  broadly  and  elongately  comma- 
shaped.  They  arc  in  a  wide  groove,  and  each  pair  is  separated  by  a  well-developed 
costa  carrying  a  row  of  small  miliaries. 
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The  anterolateral  petals  are  very  wide  apart,  are  long,  open,  and  the  anterior 
poriferous  zone  is  straighter  than  the  other' (A),  which  is  curved.  Both  of  these  zones 
become  narrow  towards  the  adoral  end,  the  anterior  is  the  shortest,  and  the  last  pairs 
of  pores  of  the  posterior  (b)  curve  slightly  backwards. 

The  posterior  ambulacra,  the  longest,  are  slightly  sinuous  near  the  apex,  then 
straight  and  open ;  the  poriferous  zones  become  narrower  towards  the  margin  and  are 
of  equal  length. 

The  ornamentation  of  all  the  interporiferous  areas  is  of  the  same  size  as  that  of 
the  interradia,  but  is  closer.    The  lateral  interradia  are  the  largest 

The  actinal  surface  of  the  test  is  depressed  from  the  centrally  placed  peristome  to 
about  two  thirds  of  the  distance  to  the  margin,  where  a  tumid  condition  occurs,  so  that 
the  test  rests  on  a  surface  within  the  margin,  which  overhangs. 

The  peristome  is  large  and  pentangular  in  outline,  and  its  breadth  is  not  much 
greater  than  its  length.  The  anterior  bonrrelets  are  distinct  and  large,  and  covered  with 
a  tuberculation  which  diminishes  in  size  towards  the  inner  part ;  the  lateral  are  smaller, 
and  the  posterior  (the  broadest)  is  not  so  prominent  as  the  anterior.  The  phyllodes  are 
not  very  distinct,  but  they  are  slightly  pctaloid,  narrow,  tuberculate,  and  marked  with 
tile  usual  poriferous  depressions,  but  not  with  extra  plates.  All  around  the  peristome, 
beyond  the  bourrelets  the  ornamentation  is  large,  and  larger  than  elsewhere.  Beyond 
this  area  of  large  ornamentation  the  tubercles  become  crowded  and  smaller  to 
the  margin,  where  they  are  only  slightly  more  crowded  than  abactinally.  The 
ornamentation  between  the  margin  and  the  apex  consists  of  tubercles  in  sunken 
scrobicular  areas  surrounded  by  a  raised  margin,  which  is  more  or  less  finely  granular. 

The  periproct  is  about  as  broad  as  the  mouth,  is  infra-marginal  and  transversely 
elliptical,  being  much  broader  than  long. 

Dimensions.  Length  59  millim.,  breadth  53  millim.,  height  1 9  millim. ;  distance 
of  apical  disk  from  anterior  edge  24  millim.  Relative  length  to  breadth  1 : 0  98  ; 
relative  length  to  height  1 :  0  32. 

Locality.  Nari  series.  Neighbourhood  of  Laki.  The  fossilization  is  the  same  a* 
some  specimens  of  Caelopleurus  equis.    Survey-number  G  a48„a. 

Illustrations  of  the  Species  in  Plate  XL. 

Fig.  5.  The  abactinal  surface.  , 

6.  The  actinal  view. 

7.  Side  view. 

2.  EcniSOUMPAS  d'Archiaci,  Duncan  &  Sladen.    Plate  XL,  Figs.  8  &  9. 

The  test  is  long,  ovoid,  depressed,  tumid  in  front,  nipped-iu  and  sharper  behind. 
It  is  longer  than  broad  and  broader  than  high,  the  jelative  proportions  being  length  1, 
breadth  0  87,  and  height  0  43. 

The  highest  point  is  excentric  in  front,  slightly  in  the  rear  of  the  apical 
disk  ;  thence  the  test  slopes  boldly  in  front  and  gradually  posteriorly,  there  being  a 
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comparatively  level  surface  behind  the  apex  and  then  a  sharper  descent  towards  the 
nipped-in  projection  over  the  periproct. 

The  apical  system  is  very  excentric  in  front.  The  anterior  ambulacrum  is  short 
and  narrower  than  the  others,  and  is  open  distally.  The  anterolateral  ambulacra, 
very  nearly  transverse,  are  not  very  long,  have  a  tendency  to  close,  for  the  longer 
posterior  poriferous  zone  curves  towards  the  other,  but  still  the  ends  are  widely  apart. 
The  posterior  zones  do  not  reach  more  than  three  fourths  of  the  distance  to  the 
margin,  are  open  at  the  end,  and  the  poriferous  zones  are  equal.  The  posterior 
ambulacra  are  the  longest  and  broadest. 

All  the  poriferous  zones  are  well  developed,  very  slightly  sunken,  are  rather  more 
than  one  half  of  the  breadth  of  the  interporiferous  areas,  and  have  large  outer  comma- 
shaped  pores  and  smaller  inner  ones  which  are  circular  in  outline.  On  the  lateral 
ambulacra  there  is  much  obliquity  of  the  pairs  of  pores.  The  costse  are  well  developed, 
and  have  the  usual  row  of  miliaries  on  them. 

Actinally  the  mora  angular  posterior  part  of  the  test  contrasts  with  the  rounded 
anterior  margin ;  the  greatest  breadth  is  seen  to  be  at  a  bulge  anterior  to  the  postero- 
lateral ambulacra.  The  test  is  flattened  above  and  behind  the  periproct,  which  is  large, 
inframarginal,  curved  in  front,  straight  behind. 

The  actinal  surface  is  depressed  around  the  central  peristome.  The  ornamentation 
is  rather  large,  is  nearly  equal  from  the  margin  to  the  apex,  but  is  much  larger  around 
the  peristome. 

Dimensions.  Length  57  millim.,  breadth  51  millim.,  height  25  niillim. ;  distance 
of  apical  disk  from  front  23  millim.  Relative  length  to  breadth  1 : 0-877 ;  relative 
length  to  height  1 : 0-43. 

Locality.  Nari  series.    Neighbourhood  of  Laki.    Survey-number  G 

Illustrations  of  the  Species  in  Plate  XL. 

Fig.  8.  The  abactinal  view. 
9.  The  side  view. 

3.  Echinolampab  Radakensis,  iMtncan  &  Sladen.    Plate  XL,  Fig.  10. 

The  test  is  oval  in  outline,  broadest  on  a  line  with  the  slightly  excentric  in  front 
apical  system,  longer  than  broad,  broader  than  high,  depressed,  tumid  at  the  anterior 
and  the  lateral  margins,  and  it  rests  on  a  surface  between  them  and  the  excentric  in 
front  peristome.  The  apical  system  is  small,  and  the  ends  of  the  ambulacra  there  are 
pointed  and  rather  close.  The  anterior  ambulacrum  is  rather  tumid,  is  much  the 
shortest  and  much  the  narrowest ;  it  is  open,  but  the  poriferous  zones  tend  to  close, 
the  right  being  the  longest ;  the  poriferous  zones  arc  narrow  and  the  pairs  of  pores  are 
crowded.    The  interporiferous  area  is  tumid. 

The  antcro-latcral  ambulacra  are  petaloid  and  very  wide  apart ;  both  poriferous 
zones  arc  curved  and  narrow.  The  anterior  is  the  shorter,  and  there  is  a  tendency  to 
close.    The  interporiferous  area  is  broad  and  tumid,  and  three  times  the  width  of  the 
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poriferous  zone.  The  postcro-lateral  ambulacra  are  tumid,  rather  longer  than  the 
others,  and  broader ;  they  are  pctaloid,  and  tend  to  close  by  the  approach  of  the  ends 
of  the  poriferous  zones,  of  which  the  posterior  is  the  shortest.  The  peristome  is  narrow 
and  pentagonal,  the  anterior  bourrelets  being  well  developed,  and  the  phyllodcs  are 
rather  pctaloid.  The  tuberculation  is  very  small  and  crowded  on  the  actinal  surface, 
and  is  larger  abactinally. 

Dimensions.  Length  71  millim.,  breadth  COmillim.,  height  20  millim. 

Relational  dimensions.  I-ength  1,  to  breadth  0  84,  to  height  0  28. 

locality.  Nari  series,  Oligocene  of  Sind.  Near  the  base  of  the  group,  near  Itadak, 
ten  miles  S.S.E.  of  Jhangara.    Survey-number  G  V1/- 

Illustration  of  the  Species  in  Plate  XL. 
Fig.  10.  The  abactinal  surface. 

There  are  many  specimens  of  a  Bpecies  of  Eehinolampas  in  the  collection  from  the 
Nari  series  which  may  be  associated  with  Eehinolampas  discoideus,  d'Archiac.  The 
species  is  a  very  variable  one  and  difficult  to  define ;  and,  indeed,  all  the  species  of  the 
genus  Eehinolampas  from  the  Nari  series  have  a  facies  in  common,  whatever  may  be 
their  size. 

4.  Echinolampas  discoideus,  dArchiac.    Plate  XLI,  Figs.  1  &  2. 

We  give  a  summary  of  the  description  of  the  species  by  its  authors,  and  then 
remark  on  the  definition  afterwards. 

Test  subcircular,  a  little  longer  than  broad  ;  no  angular  tuberosities  on  sides. 
Margin  rounded.  Slight  projection  above  the  anus.  Apical  summit  slightly  project- 
ing at  the  anterior  two  fifths  of  the  great  diameter.    Four  genital  pores  rather  small. 

Petals  long,  flat,  almost  as  open  as  in  Cotioc/t/peus,  rather  broad,  and  almost 
unequal  amongst  themselves  in  this  respect.  The  two  posterior  arc  broader  than  the 
anterolateral,  and  the  odd  ambulacrum  is  the  narrowest.  The  antero-  and  postero- 
lateral ambulacra  very  slightly  bent  at  the  apex. 

Poriferous  zones  rather  broad,  subcostulate,  almost  equal  in  the  same  ambulacrum. 
Interradial  areas  unequal ;  measured  half  way  down  the  petals,  the  posterior  is  the 
broadest  and  the  anterior  are  the  narrowest,  but  near  the  apex  these  last  arc  broader 
than  the  lateral. 

Actinal  surface  subplane,  slightly  sunken  in  the  middle. 

Peristome  nearly  central ;  buccal  tuberosities  moderately  pronounced. 

Periproct  inframarginal,  small,  and  tolerably  regularly  elliptical  in  shape. 

Tubercles  small,  close,  especially  at  the  margin,  slightly  unequal,  principally  on 
the  ambulacra.    Those  near  the  peristome  are  larger  than  the  others. 

Length  7  6  centimetres,  breadth  7  3,  height  8-3. 

Length  7         „  breadth   ?  ,  height  2-8. 

The  types  chosen  by  d'Archiac  (described  in  '  Lea  Animaux  fossiles  de  l'lnde,' 
p.  209)  were  well  crushed  from  above  downwards ;  and  his  drawing  shows  that  the 
posterior  half  of  the  actinal  part  of  the  test  is  more  tumid  than  the  anterior ;  but 
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taking  the  above  measurement  as  nearly  correct,  the  relative  dimensions  of  length  to 
breadth  and  height  are  : — Length  to  breadth  1  :  0-96  ;  length  to  height  1  : 0  43. 

With  regard  to  this  description  given  by  d'Archiac  and  Haime,  it  is  to  be 
observed  that  the  posterior  interradium  and  the  antero-latcral  are  subequal  at  the  half- 
way point,  and  that  the  measurement  on  the  type  is  accompanied  by  deformation  of 
(he  test.  The  position  of  the  apical  system  is  iucorrectly  given,  being  too  far  forward  ; 
the  ends  of  the  petals  are  exceedingly  indistinct  in  the  type,  and  the  poriferous  zones 
are  not  equal.  The  bent  condition  of  the  petals  at  the  apex  is  incomprehensible.  The 
poriferous  zones  are  not  broad.    The  tubercles  are  not  close  and  small. 

In  fact  the  types  chosen  by  d'Archiac  were  not  only  injured  but  worn,  and  were 
not  full  grown. 

The  most  perfect  specimen  of  the  species  Echinolampas  discoideus,  d'Archiac,  in 
the  collection  from  the  Nari  series,  is  not  crushed,  and  is  therefore  normal  in  height. 

It  has  the  specific  characters,  and  it  is  to  be  noticed  that  the  madreporite  separates 
the  postero-lateral  radials  (ocular  plates),  that  the  posterior  poriferous  zone  of  the 
anterolateral  ambulacra  is  sinuous  or  slightly  doubly  curved,  being  moreover  longer 
than  the  anterior  zone,  and  that  these  ambulacra  do  tend  to  close.  The  posterior 
ambulacra  arc  widely  open. 

There  is  an  evident  greater  tumidity  of  the  test  behind  the  apex  than  over  the 
region  of  the  anterior  ambulacrum,  where  there  is  some  flattening. 

The  above-mentioned  specimen  measures  80  millim.  in  length,  and  is  83  millim. 
in  breadth.  The  height  is  3G  millim.  The  relative  dimensions  arc :  length  to  breadth 
1  :  0  93  ;  length  to  height  1  :  0-41. 

lAKaliiy.  Nari  series  (Oligocene).  Trak  Hill,  seventeen  miles  south  of  Bula  Khan. 
Survey-number  G  Vt4- 

Illustrations  of  the  Species  in  Plate  XL1. 

Fig.  1.  The  abactinal  view. 
2.  The  side  view. 

A  second  specimen,  smaller  than  the  preceding,  is  broader  and  higher  relatively. 
Length  78  millim.,  breadth  74  millim..  and  height  35  millim.  Relative  dimensions : — 
length  to  breadth  1  :  0  94 ;  length  to  height  1 :  046. 

5.  Echinolampas  DisooiDECS,  rf* Archiac,  var.  a,  Duncan  &  Sladen.    Plate  XLI,  Figs.  3-5. 

A  large  specimen,  113  millim.  long  and  10-">  millim.  broad,  is  54  millim.  high,  and 
its  relative  dimensions  are  nearly  those  of  the  specimen  we  consider  our  type  of 
Echinolampas  discoideus. 

It  presents  a  decided  flattening  of  the  front  margin,  which  becomes  very  decided 
in  larger  specimens,  measuring  120  millim.  long  ;  and  the  relative  proportions  are — 
length  to  breadth  1  :  0  93,  and  length  to  height  1 : 042. 

Locality.  Nari  series  (Oligocene).  Northern  end  of  Watwaro  range,  between 
Trak  and  Damaj.    Survey-number  G  Trak  Hill,  seventeen  miles  south  of  Bula 

Khan.  Survey-number  G  Vf-    Hindi  Hill,  north  of  Trak.    Survey-number  G 
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Illustrations  of  the  large  Specimen  with  anterior  truncation  in  Plate  XLL 
Fig.  3.  The  actinal  surface :  natural  size. 

4.  The  peristome  of  another  specimen :  natural  size. 

5.  Outline  diagram  of  the  peristome. 

6.  EcHlNOLAMFAS  DiscoiDEUS,  d'Archiac,  var.  fi,  Duncan  d*'  Sladm. 

This  variety  of  the  species  is  small  and  flat,  and  in  one  the  length  is  50  millim. 
breadth  53  millim.,  and  height  19  niillim.     Relative  length  to  breadth  1:0  98,  and 
length  to  height  1  :  0'32. 

The  next  variety,  also  a  flat  one,  is  thus  described  by  us : — 

7.  Echixolampas  DiscoiDEUS,  d'Archiac,  var.  y,  Duncan  d-  Sladen*. 

The  test  is  depressed,  ovoid,  broadest  on  the  posterior  half;  it  is  longer  than 
broud  in  a  slight  degree,  and  much  broader  than  high.  The  relational  proportions  are: 
length  1,  breadtli  0  9,  height  0  38. 

The  highest  point  is  central,  nnd  behind  the  execntric  in  front  apical  system- 
The  test  slopes  rather  flatly,  but  with  a  gentle  curve  to  the  front,  and  much  more 
boldly,  and  with  some  tumidity,  posteriorly.  The  margin  is  nowhere  tumid,  but  more 
swollen  and  rounded  posteriorly  than  anteriorly.  Actiually  the  peristome  is  central 
and  sunken,  the  test  being  slightly  tumid  between  it  and  the  margins ;  there  is  some 
convexity  between  the  peristome  nnd  tho  infratuaiginal,  elliptical  periproct,  which  is 
close  to  the  posterior  edge.  The  fore  part  of  the  actinal  surface  dips  down  slightly, 
and  the  test  rests  on  a  surface  close  to  the  anterior  margin,  and  elsewhere  between  the 
peristome  and  the  margin. 

The  excentric  in  front  apical  system  is  small  and  with  rather  large  generative 
pores ;  the  anterior  are  the  closest,  and  all  are  oblique. 

The  odd  ambulacrum  is,  as  are  the  others,  flush  with  the  test,  the  poriferous 
zones  being  barely  sunken.  The  interporiferous  area  is  lanceolate,  widely  open  at  the 
end  ;  and  the  poriferous  zones,  narrow  and  long,  show  no  tendency  to  close ;  they  are 
of  the  same  length,  and  are  slightly  narrower  at  their  termination.  This  ambulacrum 
is  as  long  as  the  longest  poriferous  zone  of  the  anterolateral  ambulacra,  and 
only  a  little  shorter  than  the  postcro-latcral  ambulacra.  The  breadth  of  the  odd 
ambulacrum,  like  that  of  the  others,  is  not  great,  but  it  equals  that  of  the  posterior, 
although  it  is  very  slightly  less  than  that  of  the  anterolateral  pair. 

The  antero-latcral  ambulacra,  nearly  transverse,  are  widely  open,  and  the  posterior 
poriferous  zone  is  more  bent  than  the  anterior.  They  extend  close  to  the  margin. 
The  postero-lateral  ambulacra  are  slightly  sinuous,  long  and  open ;  the  anterior  zone  is 
the  longest.  The  poriferous  zones  generally  are  narrow,  2J  times  less  than  the 
interporiferous  areas.  The  ornamentation  of  the  interporiferous  areas  is  slightly 
smaller  than  that  of  the  intcrradia;  it  is  not  crowded  in  these  last.  The  actinal 
ornamentation  is  larger  than  the  abactinal,  and  is  very  large  in  the  posterior  interradium. 
The  anterior  bourrelets  are  well  developed. 

•  We  retain  the  «i*cifio  name  given  by  MM.  d'Archiac  and  Haimo  without  modification. 
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Length  G7  millim.,  breadth  61  millim.,  height  26  millim. 

Locality.  Nari  series,  Oligocene  of  Sind.  Mal-Mohari,  west  of  Jungshahi. 
Survey-number  G  37V. 

Dimensions  of  the  Series  of  Forms  of  Ecftinolampaa  coming  within  the  species 
Echinolampaa  discoideus,  d'Archiac. 


Length. 

Breadth. 

Heipht. 

length  to 

length  to 

millim. 

millim. 

millim. 

breadth. 

height. 

.  89 

83 

3C 

1  to  0  93 

1  to  0  41.  Type. 

.  78 

74 

3-> 

1  to  0-94 

1  to  0  46.  Type. 

3.  Form  .... 

.  118 

lOo 

54 

1  to  0  93 

1  to  0  4.     Var.  <t. 

.  126 

117 

53 

1  to  0-93 

1  to  0  42.  Var.  a. 

5.  Small  specimen 

.  50 

53 

19 

1  to  0-98 

1  to  0*32.  Var.  0. 

6.  Another  .    .  . 

.  07 

61 

26 

1  to  0  9 

1  to  0  :i8.   Vnr.  y. 

8.  Ecuinoumpas  PLACENTA,  Duncan  &  Sladcn.    Plate  XLI1,  Figs.  1-3. 

The  test  is  large,  nearly  as  broad  as  long,  very  depressed,  nearly  circular  in  outline, 
but  slightly  nippcil-in  and  produced  behind,  and  slightly  flattened  over  the  infra- 
marginal  periproct.  The  margins  are  rounded  rather  sharply,  and  the  highest  point  of 
the  test  is  slightly  excentric  in  front  at  the  apical  disk.  There  is  a  sharper  slope  in  front 
than  behind  the  apical  system,  and  some  flattening  occurs  over  the  anterior  ambulacrum. 
But  in  spite  of  the  flattening,  the  anterior  margin  is  more  swollen  than  the  posterior 
(Fig.  3).    The  actinal  surface  has  a  gradual  slope  to  the  central  peristome. 

The  apical  system  is  flat  and  rather  large,  the  madreporic  body  occupying  the 
space  between  the  four  well-marked  generative  pores,  and  extending  behind  the  line  of 
the  two  posterior  so  as  to  separate  the  radial  (ocular)  plates  of  the  posterior  ambulacra. 
The  ambulacra  come  to  visible  points  beyond  the  madreporite,  and  the  radial  (ocular) 
plates  are  rather  large.  The  ambulacra  (anterior  part  of  odd  one  is  missing)  are  loug, 
extend  close  to  the  margin,  are  open  widely,  are  flush  with  the  test,  and  arc  broad  with 
comparatively  narrow  poriferous  zones,  which  are  unequal  in  the  same  ambulacra  to 
some  extent. 

The  narrowest  ambulacrum  is  the  anterior,  and  the  longest  and  broadest  are  the 
posterolateral  ambulacra.  The  pores  are  rather  large,  the  outer  one  elongate  comma- 
shapcri,  and  the  inner  nearly  circular  in  outline ;  and  the  costs,  moderately  broad, 
have  a  row  of  miliaries  on  them.  The  pairs  narrow  towards  the  distal  end.  The 
antcro-latcral  ambulacra,  very  wide  apart,  have  the  anterior  poriferous  zone  nearly 
straight,  except  close  to  the  marginal  end,  where  there  is  a  slight  curving  backwards 
and  obliquity  of  the  pores ;  the  posterior  zone  is  curved  and  sinuous,  for  distally  the 
curve  niters  and  the  concavity  is  backwards ;  and  this  is  the  larger  zone  of  the  two.  The 
posterior  ambulacra  have  the  anterior  poriferous  zone  more  bent  thau  the  other,  but  it 
is  the  shorter  of  the  two.  The  peristome  is  small,  pentagonal,  broader  than  long,  and 
widely  open.  The  floscelle  is  well  developed,  the  phyllodcs  are  distinct,  the  antero- 
lateral in  grooves,  and  there  are  some  extra  plates,  and  most  of  the  pores  are  double. 
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The  anterior  bourrelets  arc  somewhat  tumid,  as  are  the  lateral,  and  the  posterior  is  flat 
and  the  largest.  The  periproct  is  broader  than  the  peristome,  is  close  to  the  margin, 
and  is  elliptical  with  sharpish  sides,  and  the  anterior  margin  is  more  curved  than 
the  posterior. 

The  ornamentation  of  the  interporiferous  areas,  abactinally,  is  very  distinct,  not 
crowded,  and  consists  of  sunken  tubercles  and  intermediate  granulated  structure.  It  is 
slightly  smaller  than  the  ornamentation  on  the  interradia,  which  is  rather  more  distant. 
It  becomes  coarse  and  crowded  at  the  margin  from  the  narrow  and  projecting  inter- 
mediate tissue,  but  it  increases  in  size,  distinctness,  size  of  intermediate  tissue,  and 
granulation  towards  the  peristome.  It  becomes  small  again  on  the  inner  slopes  of  the 
bourrelets.    Small  behind  the  periproct,  it  is  larger  anteriorly  to  it. 

Dimensions.  Length  115  millim.,  breadth  1UG  millim.,  height  40  millim. 

Belatire  dimensions.  Length  1,  to  breadth  0  92,  to  height  0  35. 

Locality.  Nari  scries  (Oligoceue).  Pokhran,  50  miles  S.S.W.  of  Sehwan.  Survey- 
number  G  Vift- 

Illustrations  of  the  Species  in  Plate  XL1L 

Fig.  1.  The  test,  abactinal  view. 

2.  Actinal  view. 

3.  Lower  longitudinal  section. 

A  second  specimen  is  flatter,  and  has  the  posterior  interporiferous  areas  nan-ower 
than  the  type  just  noticed,  otherwise  they  are  identical.  Length  105  millim.,  breadth 
99  millim.,  height  35  millim.  The  relative  dimensions  are:— length  1,  to  breadth 
0-94,  to  height  0-33. 

9.  Ecui.voLAMi'.vs  TUMiUA,  Duncan  if-  Sladen.    Plate  XL1II,  Figs.  1-5. 

The  test  is  very  large,  slightly  louger  thau  broad,  not  quite  circular  in  marginal 
outline.  It  is  about  half  as  high  as  broad,  very  tumid  at  the  margins,  and  swollen 
actinally ;  the  peristome,  which  is  rather  execntric  in  front,  being  in  a  shallow  broad 
depression.  The  highest  point  of  the  test  is  in  front  of  the  centre,  and  is  at  the  apical 
disk;  and  the  test  slopes  suddenly  and  boldly  from  that  spot  to  the  tumid  anterior 
margin,  and  much  more  gradually  backwards  to  the  sharper  margin  over  the  periproct. 
The  whole  of  the  front  of  the  test  presents  a  very  convex  and  massive  appearance.  But 
the  upper  part  of  the  test  is  not  rounded  off  equally  with  the  flanks,  and  is  more  or 
less  conical.  The  posterior  margin  slopes  upwards  and  backwards  from  the  actinal 
surface,  so  that  the  inframarginal  periproct  is  seen  slightly  from  behind. 

The  apical  system  is  small.  The  ambulacra  are  long,  but  do  not  extend  close  to 
the  margin ;  broad,  with  rather  narrow  poriferous  zones  which  are  nearly  equal  in  each 
ambulacrum.  There  is  a  slight  tendency  to  close  in  the  autero-lateral  ambulacra,  and 
the  poriferous  zones  of  the  postero-lateral  are  a  little  closer  together  at  their  extreme 
ends  than  midway ;  but  the  anterior  ambulacrum  is  widely  open.  All  the  interpo- 
riferous areas  are  flush  with  the  test  and  the  poriferous  zones  also. 

The  anterior  ambulacrum  is  long,  lanceolate,  and  shows  no  tendency  to  close ;  its 
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poriferous  zones  are  equal  in  length,  and  the  breadth  of  the  two  combined  is  rather  less 
than  that  of  the  interporiferous  area.  The  larger  pores  are  of  considerable  dimensions ; 
those  which  are  at  the  distal  end  are  subequal  and  nearly  circular  or  elliptical  in  outline, 
but  the  outer  pores  become  more  and  more  elongate  and  straight  comma-shaped  towards 
the  middle  of  the  ambulacrum  ;  thence  they  become  gradually  smaller.  The  inner 
pores  are  more  elliptical  than  circular  in  their  outline,  and  are  smaller  than  the  others. 
There  is  a  very  decided  obliquity  of  the  pairs  of  pores,  which  is  produced  by  a 
slope  of  the  outer  part  of  the  ambulacral  plate  ;  and  the  costa  between  the  pairs  of  pores 
is  wide  and  short,  and  carries  more  than  one  row  of  minute  miliaries  arranged  in  rather 
a  confused  manner.  There  is  but  little  narrowing  of  the  poriferous  zones  towards 
their  termination.  This  ambulacrum  is  the  shortest  and  narrowest,  and  its  length 
is  52  millim.  and  greatest  breadth  11  millim. 

'I  he  antero-lateral  ambulacra  are  broader  and  longer  than  the  anterior  one ;  the 
poriferous  zones  become  narrow  towards  their  end,  anil  the  anterior,  the  shortest,  has 
its  terminal  pair  of  pores  curved  backwards;  it  is  the  shorter  by  about  fi\c  pairs. 
Neither  of  the  zones  is  much  curved.  The  length  is  56  millim.,  and  the  greatest 
breadth  12  millim. 

The  postero-lateral  ambulacra  are  very  long,  Co  millim.,  and  as  broad  as  the  antero- 
lateral. There  is  slight  difference  in  the  length  of  the  poriferous  zones,  which  diminish 
in  breadth  towards  the  end,  and  only  a  slight  disposition  to  close. 

The  ornamentation  of  the  interporiferous  areas  is  smaller  than  that  of  the  inter- 
radia,  is  not  very  close,  and  is  rather  transverse.  The  tubercles  are  small,  sunken,  atid 
separated  by  a  well- developed  raised  area,  which  is  minutely  granular  (Fig.  8).  The 
costa*  are  broad,  and  have  at  least  two  rows  of  miliaries  on  them. 

The  peristome,  broadly  pentagonal,  is  slightly  in  front  of  the  centre,  and  is  surrounded 
by  the  tumid  actinal  surface ;  the  breadth  is  greater  than  the  length  from  before  back- 
wards, and  the  bourrelcts  are  fairly  developed.  The  phyllodes  are  not  large,  but  there 
is  doubling  of  some  pores.  The  posterior  lip  is  the  broadc-st  and  flattest.  The 
breadth  is  12  millim. 

The  pcriproct  is  on  the  upper  and  backward  slope  of  the  margin,  is  broader  than 
the  peristome,  and  is  an  elongate  ellipse  with  the  anterior  margin  more  curved  than  the 
posterior. 

The  ornamentation  of  the  interradia,  abactinally,  resembles  that  of  the  inter- 
poriferous areas,  and  it  is  slightly  the  larger.  It  increases  steadily  and  gradually  in  size 
from  the  margin  to  the  peristome;  the  tubercles  become  larger,  situated  in  deeper 
scrobicules,  and  the  intertubercular  ornamentation  becomes  larger,  wider,  and  more 
distinct.  The  largest  ornamentation  is  in  the  ambulacra  near  the  peristome,  and  on 
the  posterior  lip  a  little  remote  from  the  mouth.  In  those  localities  the  granular 
ornamentation  between  the  tubercles  is  wide. 

Dimensions.  I/eugth  117  millim.,  breadth  107  millim.,  height  61  millim. 

Xetative  dimensions.  Length  1,  to  breadth  0  91,  to  height  0  64. 

Locality.  Xari  series  (Oligocenc).   Trak  Hill,  17  miles  S.  of  Bula  Khan.  Survey- 
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Illustrations  of  the  Species  in  Flate  XLIII. 

Fig.  1 .  The  lest,  side  view  :  natural  size. 
2.  Actinnl  surface. 

S.  Fart  of  anterior  ambulacrum,  showing  obliquity  of  plate :  magnified. 
4.  Ornamentation  of  ambulacrum:  magnified. 
f>.  Ornamentation  of  under  surface :  magnified. 

10.  Echixolampas  tcmida,  Duncan  &■  Sladen,  Variety. 

The  test  is  circular  in  marginal  outline,  nearly  hemispherical,  tumid  at  the  margins 
except  in  the  posterior  part  of  the  test,  and  with  a  swollen  actinal  surface  around  a 
slightly  sunken  central  peristome. 

The  highest  point  of  the  test  is  behind  the  apical  system,  which  is  rather  excentric 
in  front.   There  is  some  flattening  of  the  test  on  either  side  of  the  anterior  ambulacrum. 

Apical  system  rather  large.  The  ambulacra  are  long,  slightly  raised,  widely  open 
at  the  end ;  the  poriferous  zones  of  each  ambulacrum  are  nearly  equal,  except  in  the 
postero-lateral ;  they  become  narrow  gradually,  and  are  less  than  one  half  of  the  breadth 
of  an  interporiferous  area. 

The  pairs  of  pores  are  separated  by  well-devclopod  costie,  with  a  single  row  of 
miliarics  on  them,  and  there  is  some  obliquity  of  the  poriferous  part  of  the  plate.  The 
inner  pores  are  smaller  and  more  circular  than  the  others,  which  arc  long  and  comma- 
shaped,  where  not  much  worn. 

The  anterior  ambulacrum  is  very  long,  comes  close  to  the  margin,  and  is  widely 
open.  It  is  40  milliin.  long  and  1  centim.  broad  near  its  end.  It  is  very  slightly  bent. 
The  antcro-lateral  ambulacra  are  of  the  same  length  and  breadth  as  the  odd  one ;  the 
posterior  poriferous  zone  is  the  most  curved  and  the  longer  ;  there  is  a  slight  tendency 
to  close.  The  postero-lateral  ambulacra  are  the  longest  and  broadest,  and  the  posterior 
zone  is  the  longer. 

The  peristome  is  broad,  and  the  floscellc  developed.  The  periproct  is  close  to  the 
edge  and  inframarginal.  The  ornamentation  of  the  ambulacra  is  rather  small  and  of 
the  same  size  as  that  of  the  intcrradia ;  the  tubercles  are  separated  by  a  miliary  raised 
tissue.    Actinally  the  ornamentation  is  large,  aud  especially  near  the  peristome. 

Dimensions.  Length  104  tnillim.,  breadth  101  milliin.,  height  59  millim.  Relative 
length  to  breadth  1 :  0  07 ;  relative  length  to  height  1  :  0  50. 

Locality.  Nari  series  (Oligocene).  S.E.  side  of  Trak  Kill.   Survey-number  G  ^l. 

The  circular  marginal  contour  is  very  characteristic  of  this  variety. 

Family  SPA  TAXGIDsE. 

Genus  EUSFATANGUS,  Agassiz,  1847. 
1.  Euspatangus  ROSTRATU8,  d'Archiac.    Plate  XLIII,  Fig.  6. 

Some  large  forms  of  this  Eiispatangus  are  in  the  Nari  series,  and  approach  FAiapa- 
tangws  affinis,  nobis,  which  was  described  in  the  memoir  on  the  Fossil  Echinoidea 
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of  Kachh  and  Kattywar  (plate  xii,  fig.  2).  The  posterior  nipping-in  of  the  test  is,  how- 
ever, very  decided  in  the  Nari  forms  ;  the  numher  of  large  tuhercles  is  considerable,  and 
there  is  a  fasciole  on  one  part  of  the  flank  of  the  test,  which  is  very  distinct.  It  is  not 
continuous,  however. 

Actinally  the  marginal  tuberculation  ends  towards  the  posterior  ambulacrum 
suddenly,  and  large  tubercles  come  in.  The  bare  space  of  the  smooth  plastron  and 
ambulacra  is  dotted  here  and  there  with  distinct  miliaries,  which  are  about  the  same 
size  as  those  which  are  scattered  between  the  large  actinal  tubercles. 

iAX-nUty.  Nari  series  (Oligotene).  West  side  of  lihagothoro  Hill,  south  of 
Sehwan.    Survey-number  G  V«t4- 


Sciiizaktkr  Granti,  l)uncan  <t  Sladen.    Plate  XLII,  Figs.  4-6. 

There  are  several  specimens  of  the  genus  in  the  collection  from  Nari,  but  unfor- 
tunately their  condition  of  preservation  is  unsatisfactory.  It  is  evident,  however,  that 
Schizaster  Granti,  nobis,  which  is  so  largely  represented  in  Kattywar,  in  strata  higher 
than  the  Nummulitic,  and  which  are  Miocene  in  age,  is  present  in  the  Nari  series*. 

Locality.  Nari  series  (Oligocene).  West  side  of  lihagothoro  Hill,  south  of 
Sehwan.    Survey-number  G 

Illustration  of  the  Species  in  Plate  XLII. 

Fig.  4.  The  side  view.    (The  fasciole  is  not  seen  in  this  specimen.) 
f).  The  abactinal  view.    (Fasciole  is  worn.) 
(>.  A  linear  longitudinal  view  of  a  large  specimen. 
In  these  figures  the  shape  is  given,  and  not  the  details. 


The  Cidaris  has  a  truly  Sindian  facics. 

The  Calopleuri  belong  to  two  species  which  have  been  described  by  d'Archiac 
and  Haime  as  coming  from  the  Nummulitic  of  Sind.  These  are  Cwlopleurus  equis, 
a  European  form,  and  Ceeiopleurus  Fratti,  closely  allied  and  only  known  in  Western 
India. 

The  interest  of  these  forms  has  been  greatly  increased  by  the  descriptions  of  the 
living  species  by  Alex.  Agassiz. 

In  Ceelopleurus  Alaillardi,  Mich.,  collected  during  the  '  Challenger '  l  xjiedition, 
the  spines,  like  those  of  the  West-Indian  species  Cwlopleurus  floridanus,  are  extra- 
ordinarily long;  but  in  both  species,  as  in  the  fossil  forms,  the  tubercles  are  non- 

•  •  Fossil  Echinoidca  of  Kachh  and  Kattjwar.'    I'aJ.  Indies,  i*r.  XIV.  pp.  70  4  SS,  plate  ri,  figs.  8-12. 


Illuxtratiou  of  the  Species  in  Plate  XLIII. 
Fig.  C.  A  large  specimen,  from  above. 


Genus  SCH1ZASTEK,  Agassiz,  183C. 


IV.  Jlemaris  on  the  Species. 
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crenulate,  showing  that  crcnulation  and  size  of  spines  and  their  power  of  movement  are 
not  invariably  associated.  In  the  first-named  species  the  bare  median  interradial  area 
is  ornamented  by  a  few  flat,  broad,  inconspicuous  miliaries,  and  by  smooth  broad  bands, 
somewhat  raised,  forming  irregular  S-shaped  lines  extending  from  the  centre  of  one 
plate  to  the  upper  edge  of  the  following  plate.  These  are  seen  more  or  less  modified 
and  in  a  greater  degree  in  the  fossil  forms.  The  arrangement  of  the  ambulacra  and 
interradia  is  generally  the  same,  but  special  distinctions  are  noticed  in  the  recent  and 
fossil  species.  In  the  fossil  forms  the  ambulacra  are  prominent,  and  arc  relatively 
narrower  than  in  the  recent  species. 

The  arnbulacral  tubercles  extend  close  to  the  radial  (ocular)  plates  in  the  fossil 
forms  and  also  in  Ccelopteuru*  MaiUardi ;  and  the  interference  of  the  pairs  of  pores  with 
the  raised  scrobicules  of  the  large  tubercles  is  greatest  in  the  extinct  species. 

The  median  sutural  pits  near  the  actinal  end  of  the  ambulacra  are  visible  in  all  the 
6pecies,  but  they  are  certainly  variable  in  the  fossil  forms  and  most  developed  in  the 
recent  West-Indian.  They  may  be  for  splueridia,  as  Agassiz  suggests  in  the  Report 
on  the  'Challenger'  Echini.  The  tag-like  prolongation  from  the  peristomial  cuts  is 
seen  in  all  the  species.  The  apical  system  differs,  and  the  elliptical  anal  opening  of  the 
East-Indian  recent  form  is  represented  by  an  obliquely-placed  oval  anus  in  the  fossil 
species. 

The  ornamentation  between  the  large  interradial  tubercles  and  the  poriferous  zone 
is  different  in  the  two  fossil  species,  and  is  distinct  from  that  of  the  recent  forms.  The 
construction  of  the  triplets  of  the  arnbulacral  areas  is  shown  on  Plate  XXXIX*  Figs. 
7  &  12.  It  is  most  singular,  and  characterizes  the  genus.  Nothing  resembling  it  has 
hitherto  been  noticed. 

The  study  of  the  Gaj  and  Kachh  forms  of  Ccehpleutvs  has  opened  out  many 
interesting  points,  and  we  are  engaged  in  describing  the  anatomy  of  the  recent  species. 

C/ffpcaster  simplex  from  the  Nari  series  is  allied  to  the  species  of  Clypeaster  from  the 
same  geological  horizon  in  Kachh,  and  its  nearly  equal  petals  are  very  characteristic. 

Clyprastrr  ficpre&ttts.  Sow.,  is  common  in  the  Nari  series  and  in  the  corresponding 
strata  in  Kachh,  and  it  is  therefore  not  a  true  Nummulitic  form.  It  passes  up  into 
the  Miocene. 

The  third  species  from  the  Nari  series  is  not  a  very  satisfactory  one ;  but  the 
humped  nature  of  the  npical  area  and  a  little  beyond  is  characteristic.  Actiually  the 
form  is  very  concave. 

The  Echinolampina;  from  the  Nari  series  are  very  characteristic  and  numerous. 
Some  are  very  large  forms  indeed,  and  all  are  comparatively  depressed,  some  very  much 
so.  They  differ  entirely  in  shape  from  those  of  the  Nummulitic  of  Kachh  and  from 
those  of  the  Miocene  of  that  district  and  Kattywar.  Their  facies  is  altogether  distinct 
from  that  of  the  large  Echinolampad  fauna  of  the  Khirthar  Nummulitic  beds  of  Sind. 
where  the  flat,  discoid,  and  subpentagonal  forms  of  the  Nari  series  have  no  repre- 
sentatives whatever ;  whilst,  on  the  other  hand,  the  elongate  and  regularly  curved  out- 
lines of  the  characteristic  Khirthar  species  stand  closely  distinguished  from  the  Nari 
species  of  Echinolampas. 
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There  is  nothing  very  marked  about  the  species  Echinolampas  difficilis,  except  its 
manifest  alliance  with  Echinolampas  discoideus,  d'Archiac.  The  proportions,  however, 
differ,  and  the  general  shape  also.  But  its  details  help  to  maintain  the  generally 
depressed  character  of  the  Echinolampina;  of  the  Nari  series  and  their  alliances  with 
Echinolampas  discoideus.  Echinolampas  d'Archiaci  is  not  unlike  Echinolampas 
'Sindnisis  at  first  sight ;  but  the  contour  and  the  nature  of  the  margin  distinguish  it. 

Echinolampas  Iladahnsis  introduces  the  discoid  series,  and  is  one  of  the  trouble- 
some species  which  cannot  be  classified  with  better-known  forms  and  yet  have  an 
indefinite  individuality  of  their  own. 

Echinolampas  discoideus,  d'Archiac,  is  a  very  variable  form,  and,  with  its  varieties, 
characterizes  the  Nari  series.  The  specimen  used  by  d'Archiac  and  Haime,  which  is 
in  the  collection  of  the  Geological  Society  of  London,  is  one  which  we  should  have 
declined  to  investigate  as  a  specific  tjpe.  AVe  have  carefully  considered  the  measure- 
ments of  it  and  of  those  in  the  collection  from  the  Nari  series,  and  we  consider  the  form 
figured  in  Plate  XLI,  Figs.  1  &  2,  to  be  the  true  Echinolampas  discoideus.  One  of 
the  most  interesting  varieties  of  the  species  is  a  large  form  which  has  the  margin  in 
front  flattened.  Fortunately,  in  one  of  the  specimens  the  peristome  is  well  preserved, 
and  we  have  given  a  view  of  it.  A  third  specimen  shows  a  worn  condition  of  the 
peristomial  ambulacra,  and  its  delineation  (Plate  XI  J,  Fig.  5)  certifies  to  the  correct- 
ness of  LoveVs  descriptions  of  the  relative  position  of  the  tentacular  orifices. 

The  great  flat  Echinolampas  placenta  is  clearly  one  of  the  allies  of  E.  discoideus. 
It  is  a  most  extraordinary  form,  especially  when  considered  in  relation  to  the  great 
Echinolampas  tumida  from  the  same  series.  These  species  are  among  the  largest  of 
the  genus,  and  appt  ar  to  be  confined  to  the  Nari  series. 

Euspatangu*  rostratus,  d'Archiac,  appears  to  have  a  considerable  vertical  and 
horizontal  range,  and  the  species  is  found  in  Kachh.  The  Nori  form  certainly  has 
some  of  the  features  of  Euspataiitjus  affinis,  Duncan  &  Sladen,  from  Kachh. 

Finally,  Schizaster  Grand,  Duncan  &  Sladen,  is  found  in  the  Nori  deposits  and  is 
a  common  fossil  in  Kattywar.    It  passes  up  into  the  Miocene  series. 

The  Oligocene  strata  of  Sind  and  of  Kachh  are  evidently  worthy  of  the  name, 
and  the  evidence  of  their  intermediate  position  between  the  Eocene  and  the  Miocene 
is  offered  by  the  study  of  the  Echinoidea  as  well  as  of  the  Corals.  Moreover,  the 
horizon  of  the  strata  containing  the  fossils  is  not  a  low  one  in  the  series,  and  there  is  a 
slight  community  of  species  between  the  Nari  and  the  overlying  Miocene  deposits. 
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V.  APPENDIX. 


This  Fasciculus  contains  the  description  of  the  uppermost  Nummulite-bearing  rocks  of 
Sind,  and  the  next,  which  will  be  published  shortly,  will  relate  to  the  Miocene  strata 
of  the  same  province.  As  that  Fasciculus  will  be  the  last  of  this  Series,  it  will  contain 
the  necessary  lists  of  the  species  of  the  Echinoidea,  and  also  the  remarks  upon  the  affi- 
nities of  the  faunas  of  the  consecutive  great  groups  of  strata.  The  affinities  of  the 
Nummulitic,  Oligocene,  and  Miocene  faunas  of  Sind  will  then  be  considered  in  relation 
to  those  of  the  equivalent  European  strata. 


In  concluding  this  part  of  our  work  it  becomes  necessary  for  us  to  introduce  here 
some  remarks  which  we  have  already  published  in  the  'Annals  and  Magazine  of  Natural 
History'  for  October  1864. 

A  species  of  the  genus  Hemiaster  (II.  elongatus)  was  described  by  us  in  page  78 
of  the  fasciculus  on  the  Echinoidea  of  the  Ranikot  series,  and  it  was  figured  on 
Plate  XIX. 

Professor  Sven  Lov^u,  in  a  masterly  essay  on  the  genus  Pourtalesiat  communi- 
cated to  the  Royal  Swedish  Academy  of  Sciences,  June  1882,  and  which  was  published 
in  1883,  stated  in  two  footnotes,  one  on  page  73  and  another  on  page  79,  that  our 
species  //.  elougatus  belongs  to  the  genus  Palwostoma.  It  is  evident  to  us  that  if  this 
is  true,  another  species  (Hemiaster  digonus,  dArchiac)  must  come  within  the  same 
generic  environment.  We  have  gone  over  the  descriptions  and  drawings  of  both  these 
species,  and  have  compared  them  with  the  original  types,  and  we  still  retain  the  forms 
in  the  genus  within  which  they  were  placed  by  us. 

The  following  extract  from  the  '  Annals  and  Magazine  of  Natural  History '  for 
October  1884,  p.  239,  places  our  views  definitely  : — 

«•  We  may  admit  that  the  two  species  of  Hemiaster  differ  equally  from  Pate- 

"  In  all  the  forms  the  apical  system  is  small,  and  two  of  the  generative  plates, 
1  and  4,  have  conical  eminences,  on  which  are  the  large  ovarial  pores. 

«  In  all  three  forms  the  generative  or  basal  plates  2  and  3  arc  small  and  without 
perforations  for  ovarial  ducts,  and  here  the  structural  similarity  ceases.  The  genus 
l'al<Jtostoma  has  no  madreporite  passing  back  between  the  two  perforated  plates  1  and  4  ; 
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the  other  two  forms  have  this,  and,  moreover,  the  madrcporitc  reaches  back  between  the 
posterior  oculars  [.  and  V.  There  are  no  sutures  in  Palaostoma,  but  they  are  present 
between  all  the  plates  in  the  forms  we  have  called  Hemiaster. 

"  The  peristome  of  Palaostoma  is  pentagonal  at  all  ages ;  that  of  our  Hemiasters 
is  never  pentagonal,  and  is  of  the  crescentic  shape  of  the  genus,  the  front  edge  being 
curved  widely  and  the  back  lip  being  also  curved  and  projecting  downwards  as  a  promi- 
nent structure.  In  Palaostoma  the  intcrrudial  plates  /  at  the  margin  of  the  mouth  are 
large,  nearly  equal  in  their  considerable  space,  and  the  ambulacral  plates  contribute  but 
slightly  to  the  margin.  In  the  other  forms  only  the  plate  /  of  interradium  5  is  large, 
and,  as  in  all  Hemiasters,  the  other  first  plates  barely  contribute  to  the  peristome, 
whilst  the  greater  part  of  the  margin  is  made  up  of  the  ambulacral  plates.  The  first 
intcrradial  plates  of  1,  2,  3,  and  4,  not  very  wide  posteriorly  in  Palaostoma,  are  decidedly 
wide  in  the  Hemiasters. 

"There  is  a  most  remarkable  heteronotnia  of  the  interradium  1  in  Palaostoma 
mirabile,  but  there  is  nothing  of  the  kind  in  the  two  other  forms.  They  present  the 
normal  heteronomia  of  the  intcrradia,  actinally,  which  is  usual  to  such  Spatangoids. 
There  is  no  plastron  in  Palaostoma,  but  there  is  in  the  other  forms. 

"  The  very  broad  ambulacra  on  either  side  of  the  odd  interradium  in  Palaostoma 
are  not  characteristic  of  the  Hemiasters ;  on  the  contrary,  their  ambulacra  are  narrow. 
In  Palaostoma  there  is  a  remarkable  enlargement  of  the  fifth  ambulacral  plate  of  amb.  1. 
row  a,  and  it  is  pushed  to  the  left  because  plate  b  J  of  interradium  5  is  placed  so  much 
to  the  front  of  a  3  of  the  same  interradium  that  there  is  a  vacant  space.  This  is  not 
the  case  in  the  two  species  which  we  have  named  Hemiaster,  and  plates  a  J  and  b  3  of 
the  odd  interradium  are  as  is  usual  in  the  Spatangoids. 

"  We  consider  that  we  have  proved  that  the  generic  characters  of  Palaostoma  are 
not  present  in  the  form  we  named  Hemiaster  elongatus,  nor  are  they  in  the  closely  allied 
species  H.  digontts,  d'Archiac." 

Since  this  reply  was  published,  Professor  Loven  kindly  assents  to  our  original 
determination.  But  he  doubts  the  propriety  of  permitting  so-called  Hemiasters  with 
only  two  generative  pores  and  a  backwardly  passing  madrcporitc  to  remain  in  the  genus 
as  established  by  Desor.  (November  1884.) 


PLATE  XXXIX. 


Figure  I.  f'lOARis.  sp.  (page  250).    The  test,  natural  site. 

2.  A  coronal  plate  and  part  of  an  ambulacrum,  magnified. 

3.  CtXlOPUVBPa  KWtU,  Agassiz  (page  251 ).    The  test,  aluietinal  view, 
f.  Side  view  of  the  test. 

5.  Intcrradial  platen;  lower  port  of  fourth  and  the  whole  of  the  fifth  from  the  apex, 

magnified. 

6.  Intcrradail  plate  with  tubercles  at  the  ambitus,  magnified. 

7.  Ambulaeral  triplet  and  tubercle  (aetinal  surface),  magnified. 
H.  The  apical  disk,  magnified. 

9.  CaLOPLEDRiis  Pkatti,  d'Arctii&c  (page  254).   The  teat,  from  above. 

10.  Part  of  ambulacrum  and  intcrradium,  at  ambitus,  magnified. 

11.  Apical  disk,  magnified. 

12.  Semi-diagram  of  the  oblique  intcrradial  plates  and  of  the  direction  of  the  ambulaeral 

sutural  line*,  magnified, 
18.  CmuiUn,  sp.  (page  257).    Abactinal  view. 
1  J.  Aetinal  view. 
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Figure   I.  C'l\pkastk»  simplex,  Duncan  anil  Sladen  (page  2.17) .    The  test,  from  above. 
2.  Longitudinal  section  in  outline. 

.1.  Clypkastkb  month ci.irr.HA,  Duncan  and  Sladen  (page  258).    The  test,  from  above. 
4.  Longitudinal  outline. 

.").  Kt  ii  i  sola  Mr  an  nirriciu*.  Duncan  and  Sladen  (page  25H).    The  test,  abaetiual  view, 
(i.  The  aetinal  surface. 
7.  Side  view  of  the  teat. 

H.  Kciunolampas  d'Arciii.m  i,  Duncan  and  Sla<len  (page  259).  The  test,  abactinal  view. 
9.  Side  view. 

10.  KtiiiNOLAMPAs  Buunn,  Duncmn  and  Skden  (page  260).    The  tei»t,  from  above. 
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Figure  1.  Ecui.NOL.iM  i  ■    iuhcoidepk,  d'Archiae  (page  261  ). 

2.  Side  view. 

3.  Variety  «.    Large  specimen  (page  262),  truncated  in  front,  nctiual  surface. 

4.  The  peristome  of  another  specimen,  natural  »i«e. 

5.  The  nWelle  and  peristome,  semi-diagram,  maguiticd  slightly. 
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PLATE  XL1I. 

Figure  1.  Ecuinolampas  plai  knm,  Duncan  and  Slndcn  (page  JfU).     Abactinal  view. 

2.  Actinat  view. 

3.  Linear  longitudinal  section. 

4.  Schuster  GiuxTi,  Duncan  and  Sladrn  (page  208).    Side  view,  showing  shape,  but 

not  the  details. 

5.  Abactinal  view. 

fi.  A  large  specimen,  much  worn,  linear  outline. 
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PLATE  XLIII. 


Figure  1.  EcmsoLAMrAS  tvmida,  Duncan  and  Sladen  {page  265).    Side  Tiew. 

2.  Actinal  view,  natural  »ize. 

3.  Plates  of  anterior  odd  ambulacrum,  worn,  showing  the  obliquity  of  the  poriferous  zone, 

magnified. 

4.  Part  of  a  poriferous  zone,  showing  the  ornamentation  of  the  cost*,  maguified. 

5.  Actinal  ornamentation,  magnified. 

C.  EoCTAWUmn  bostkatvs,  d'Archiac  (page  267). 
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Fasciculus  5.— TIIE  GAJ  SERIES  (MIOCENE). 
Pi.ati»  XLIV.-LV. 

L  Introductory  Remarks  on  the  Gdj  Series. 

Tint  general  relations  of  the  Gdj  scries  of  Tertiary  rocks  of  Western  Sind  were  stated 
in  tlic  first  part  of  this  work,  in  the  introductory  remarks  upon  the  positions  whence 
the  fossil  Echinoidea  of  Sind  were  derived.  An  abstract  was  given  of  the  nature  of 
the  succession  of  the  Gaj  series  and  also  of  the  Nari  series  below  and  the  Manchhar 
series  above  it. 

This  stratigraphical  information  was  derived  from  the  elaborate  work  1  On  the 
Geology  of  Western  Sind,'  from  the  Memoirs  of  the  Geological  Survey  of  India,  by 
W.  T.  Blanford,  F.R.S.*,  Deputy  Superintendent  of  the  Geological  Survey.  The 
survey  of  the  area  was  the  joint  labour  of  Messrs.  Blanford  and  Fed  den,  and  the 
fossils  which  were  collected  under  the  superintendence  of  those  gentlemen  were  sent 
to  us  from  H.  B.  Medlicott,  Esq.,  F.R.S.,  the  Superintendent  of  the  Geological 
Survey  of  India. 

Geologists  will  find  the  descriptions  of  the  strata  and  the  physical  geology  of 
Western  Sind,  given  in  the  memoir  just  noticed,  full  of  interest,  as  illustrating  the 
varied  features  of  the  very  wonderful  series  of  Tertiary  deposits  in  Western  India. 

This  memoir  has  been,  moreover,  carefully  considered  in  the  «  Manual  of  the 
Geology  of  India,'  by  Messrs.  Medlicott  and  Blanford,  1679. 

•  Memoirs  of  the  Geological  Survey  of  India,  voL  itu.  pt  1  (1879). 
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The  result  of  the  examination  and  description  of  the  Fossil  Corals  of  the  Gaj 
scries*  proved  that  it  was  on  a  higher  horizon  than  the  Nari  series,  and  this  has  been 
confirmed  by  the  study  of  the  Echinoidea  which  we  now  offer  to  palaeontologists. 

In  fact  the  deductions  made  by  the  geological  surveyors  in  the  field  have  been 
proved  to  be  correct.  The  evidence  which  was  obtained  from  the  study  of  the  Corals 
is  confirmed  by  the  examination  of  the  Echinoidea,  and  indeed  it  may  be  said  that 
although  the  Corals  distinctly  gave  a  Miocene  horizon  to  the  Gaj  series,  it  was  not  a 
high  one.  Nevertheless  the  Echinoidea  axe  indicative  of  a  high  horizon  in  the 
Miocene. 

The  following  abstract  of  the  description  of  the  Gdj  scries  from  the  «  Manual  of 
the  Geology  of  India,'  pp.  463  et  sfq.,  will  be  found  useful : — 

"  Gdj  Group. — Upon  the  Nari  group,  almost  throughout  Sind,  there  is  found 
resting  a  mass  of  highly  fossiliferous  limestones  and  calcareous  beds,  usually  more  or 
less  shaly,  always  distinctly  stratified,  and  easily  distinguished  from  the  limestones  of 
the  older  Tertiary  formations  by  the  absence  of  Nummulites.  A  superb  section  of  the 
strata  forming  this  group  is  exposed  on  the  banks  of  the  Gaj  river,  the  only  stream 
which  cuts  its  way  through  the  Khirthar  range,  and  in  the  neighbourhood  of  which, 
west  of  the  range,  the  fine  section  of  Lower  Tertiary  and  Cretaceous  beds,  already 
noticed,  is  exposed.    From  this  river  the  present  group  derives  its  name. 

"  On  the  eastern  flanks  of  the  Khirthar  range,  in  Upper  Sind,  the  Gaj  group 
forms  a  conspicuous  ridge,  the  hard  dark-brown  limestone  bands  near  the  base  of  the 
formation  resisting  the  action  of  denudation  far  more  than  the  soft  sandstones  of  the  Nari 
beds,  and  rising  every  here  and  there  into  peaks  of  1000  and  1500  feet,  or  even  more, 
escarped  to  the  westward,  and  sloping  to  the  east,  Amru  (the  highest  summit  of  the 
Gaj  ridge)  being  2700  feet  above  the  sea.  Still  the  limestone  bands,  although  so 
conspicuous,  are  subordinate,  the  greater  part  of  the  group  consisting  of  sandy  shales, 
clays  with  gypsum,  and,  towards  the  base,  sandstones.  Many  of  the  bands  of  limestones 
appear  very  constant  in  position,  and  may  be  traced  for  a  long  distance.  As  a  rule 
they  are  dark  brown  in  colour ;  but  one  bed  is  white,  and  abounds  in  corals  and  small 
Foraminifcra  (Orbitoides),  whilst  some  of  the  darker  bands  contain  Echinodcrmata  in 
large  quantities.  The  uppermost  portion  of  the  group  is  usually  argillaceous,  being 
chiefly  composed  of  red  and  olive  clays  with  gypsum ;  and  these  beds  pass  gradually 
into  precisely  similar  strata  belonging  to  the  overlying  Manchhar  group.  The  passage- 
beds  contain,  amongst  other  fossils,  Turritella  angulata,  and  forms  of  Ostrea  and  Placuna, 
and  the  following  :— 

Corbula  trigonaHs.  TelUna  subdonaciali*. 

Lucina  {IHplodonta)  incerta.  Area  Iyirkanmsis. 

"  All  of  these  have  allies  living  in  estuaries  at  the  present  day,  Area  granosa,  a 
recent  representative  of  A.  LarJcanensis,  being  one  of  the  commonest  and  most  typical 
of  Indian  estuarinc  Mollusca.  To  these  estuarine  passage-beds  further  reference  will 
be  made  presently,  when  the  relations  of  the  Manchhar  to  the  Gaj  beds  are  discussed. 

•  Pal.  Indies, Serie.  XIV.  vol.  1  (now 2),  1880.    Sind  FowU Corel.  and  Alcyonaria.  P.  Martin  Duncan. 
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The  Gaj  beds  at  the  Gaj  river  are  very  uearly  1500  feet  thick,  but  they  appear  to  be 
less  developed  to  the  northward  in  the  Khirthar  range,  and  not  to  be  much  more  than 
half  the  thickness  named  west  of  Larkana,  where,  however,  they  are  nearly  vertical, 
and  have  probably  suffered  from  pressure.  In  Lower  Sind  the  Gaj  group,  like  the 
Nari,  disappears  to  the  eastward  of  the  Laki  range,  where  it  is  either  entirely  wanting 
or  else  represented  by  a  thin  band,  containing  one  of  the  characteristic  fossils,  Ostrea 
multicostata,  at  the  base  of  the  Manchhar  group.  There  is,  however,  a  very  large  area 
of  Gaj  beds  north  and  north-east  of  Karachi ;  and  the  appearance  of  the  formation 
there  is  somewhat  different  from  what  it  is  in  the  Khirthar  range ;  for  the  greater 
portion  of  the  group  consists  of  pale-coloured  limestones,  almost  horizontal,  or  dipping 
at  very  low  angles,  and  to  the  east  of  the  Habb  valley  forming  plateaux  400  or  500  feet 
high,  bounded  by  steep  scarps,  which  rise  from  the  low  ground  of  the  soft  Nari 
sandstones. 

"  A  low  range  of  hills,  formed  of  Gaj  beds,  extends  to  the  south-west,  past  the 
hot  springs  at  Magar  or  Mangah  Fir,  to  the  end  of  the  promontory  known  as  Cape 
Monze,  west  of  Karachi ;  and  the  same  beds  form  the  low  hills  east  and  north-east  of 
the  town,  and  furnish  the  materials  of  which  the  houses  in  Karachi  are  mostly  built. 
A  small  island  called  Churna,  in  the  sea,  west  of  Cape  Monze,  also  consists  of  Gaj  rocks. 
To  the  northward,  the  Gaj  area  of  Lower  Sind  extends,  with  very  irregular  outline,  to 
the  neighbourhood  of  Tong  and  Karchat,  almost  due  west  of  Hala ;  and  there  are 
several  outliers  farther  north,  connecting  the  southern  portion  of  the  group  with  the 
typical  outcrop  in  the  Khirthar  range.  East  of  Karachi,  also,  Gaj  beds  extend  in  the 
direction  of  Tatta  until  they  disappear  with  the  other  Tertiary  rocks  beneath  the 
alluvium  of  the  Indus,  As  was  shown  in  a  previous  chapter,  the  Gaj  group  of  Sind 
appears  to  be  represented  in  Cutch  by  a  highly  fossilifcrous  belt,  containing  most  of 
the  typical  mollusca,  echinoderms,  &c.  It  is  quite  possible  that  the  present  group,  as 
well  as  the  Nari,  never  was  deposited  in  the  neighbourhood  of  Kotri  and  Jhirak. 

"  It  has  been  already  stated  that  the  Gaj  beds,  throughout  the  greater  portion  of 
the  Khirthar  range,  rest  conformably  upon  the  Nari  group,  although  there  is  a  change 
in  mineral  character,  and  that  in  Lower  Sind  the  passage  from  one  group  into  the 
other  is  gradual,  calcareous  bands,  with  Gaj  fossils  (such  as  Ostrea  multicostata  and 
Pecttn  subcorneus),  being  found  interstratified  with  the  uppermost  Nari  sandstones.  At 
one  place,  however,  near  Tandra  Kahim  Khan,  west  by  north  of  Schwan,  the  outcrop 
of  the  Gaj  beds,  here  dipping  at  a  high  angle  to  the  westward,  runs  nearly  in  a  Btraight 
line  across  the  mouth  of  a  valley,  composed  of  a  deep  synclinal  of  the  Nari  group, 
between  two  anticlinal  ridges  of  Khirthar  limestone.  As  the  Gaj  beds  do  not  share 
the  synclinal  curve  of  the  Naris,  it  is  difficult  to  sec  how  the  two  can  be  conformable  ; 
but  an  examination  of  the  boundary  between  the  two  groups  failed  to  show  any  clear 
evidence  of  unconformity.  There  are,  however,  some  places  south  of  Schwan  where 
the  Gaj  group  overlaps  the  Nari  beds  and  rests  upon  the  Khirthar  limestone*  ;  but  it 
must  be  recollected  that  the  Gaj  group  is  itself  overlapped  by  Manchhar  beds  in  the 
immediate  neighbourhood.  The  commonest  and  most  characteristic  fossils  of  this 
group  are  Ostrea  multicostata  and  Bregma  carinata." 
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It  is  very  important  to  notice  that  there  is  another  marine  series  of  the  Tertiaries 
in  relation  to  the  Gaj  group. 

The  normal  succession  is  that  of  the  freshwater  Manchhar  beds,  one  of  the 
Rhinoccridss  of  which  has  been  discovered  in  the  Gaj  beds.  But  Bl  an  ford  has 
described  the  Makran  beds,  and  the  following  is  an  abstract  of  what  is  said  regarding 
them  in  the  *  Manual  of  the  Geology  of  India,'  p.  470 : — 

"  Relations  to  Makrdn  group. — The  Manchhar  beds  extend  along  the  edge  of  the 
sea,  west  of  Karachi,  almost  to  the  end  of  Cape  Monze ;  but  no  representative  of  this 
formation  is  seen  for  a  considerable  distance  to  the  westward  of  the  Cape.  But  west 
of  Sommiani  Bay,  in  the  neighbourhood  of  Hinglaj,  a  well-known  place  of  Hindu 
pilgrimage,  there  are  high  hills  of  hard  greyish-white  marls  or  clays,  usually  sandy, 
often  highly  calcareous,  and  occasionally  intersected  with  veins  of  gypsum.  With  this 
clay  or  marl,  bands  of  shaly  limestone,  dark  calcareous  grit,  and  sandstone  are  inter- 
stratified.  This  marl-formation  extends  for  many  hundreds  of  miles  along  the  coast, 
and  is  well  seen  at  Has  Malan,  Ormara,  &c,  at  the  entrance  of  the  Persian  Gulf.  The 
headlands  of  Ras  Malan,  Ormara,  and  Gwadar  consist  of  great  horizontal  plateaux 
surrounded  by  cliffs  of  whitish  marl  or  clay,  and  capped  by  dark-coloured  calcareous 
grit,  Ras  Malan  especially  being  a  table-land  rising  abruptly  to  the  height  of  2000  feet 
from  the  sea.  These  remarkable  rocks  are  called  the  Makrdn  Group.  The  Makran 
group  is  purely  of  marine  origin,  and  abounds  in  Mollusca,  Echinoderms,  &c,  most  of 
the  species  apparently  being  the  same  as  those  found  in  the  neighbouring  seas  at 
present."  The  authors  proceed  to  state  that  none  of  the  characteristic  Gaj  fossils  are 
found  in  the  Makran  series,  and  that  the  latter  deposit  seems  to  be  later  than  the  Gaj. 
It  is  then  noticed  that  some  of  the  soft  argillaceous  beds  of  Manchhar  age  in  the  neigh- 
bourhood of  Karachi  closely  resemble  some  similar  beds  in  the  Makran  group  near 
Gwadar. 

The  Echinodermata  we  have  examined  from  the  Makran  series  certainly  have  a 
facics  later  in  time  than  the  Gaj  collection. 

Again  the  Makran  deposits,  whence  the  Echinodermata  we  have  examined  came, 
are  not  the  same  thing  as  the  so-called  Littoral  concrete  of  the  coast  to  the  north  of 
Bombay,  a  deposit  which  is  partly  quite  recent  and  partly  since  the  Pliocene. 

The  succession  of  the  series  appears  to  have  been  as  follows :— The  Nari  or 
Oligocene  series,  the  Gaj  Miocene,  the  Makran  beds,  the  marine  equivalents  of  the 
Manchhar  deposits,  the  Littoral  concrete. 

The  importance  of  this  succession  is  enhanced  by  the  consideration  that  the 
Manchhars  are  of  the  same  age  as  the  Sivalik  deposits  on  the  flank  of  the  Himalayas, 
this  great  orographical  system  having  attained  its  full  development  after  the  commence- 
ment of  the  Sivalik  age.  The  great  Post-pliocene  disturbance  is  of  great  interest,  both 
in  the  Himalayan  regiou  and  in  Sind. 
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IL  List  of  Oie  Fossil  Echinoidea  from  the  Gdj  Series. 
Order  ECKINOIDEA  EKDOCTCLICA. 

Family  CID ASIDES. 

Ornut  CidaBIS,  Klrin,  1734. 
Ci Juris  opipara,  Duncan  St  Sladen  :  p.  279. 

 excels*.  Duncan  if  Sladen :  p.  282. 

 tpp.  («pinp«) :  p.  2K3. 

Family  ARB  AC  I  AD  AC,  Gray,  1855. 

Genu*  C«U)PL.mu»,  Aycniz,  .mended. 

Cadopleurus  Forbcsi,  cf  Arthiat  if  Haime,  amended  :  p.  287. 
 lindens  is.  Duncan  if  Sladen :  p.  2JJ8. 

Family  TEMSOPLEl'RID.G. 

Genus  THMNrcmsti*,  Forbes,  1*52. 

Temncchinas  Uousaeaui,  <VArthiac  if  l/aime,  up. :  p.  303. 

 »fflni«,  Duncan  $  Sladen  :  p.  303. 

 atclltilatua,  Duncan  if  Sladen  I  p.  304. 

 Gajansu,  Duncan  if  Storfm :  p.  305. 

Gcnut  Lepiooplevbus,  Duncan  if  Sladtn. 
Lcpidopleurus  hcmiBpharricui>,  Duncan  if  Sladtn  :  p.  306. 
 granulat  ua,  Duncan  if  Sladen :  p.  308. 

Family  TR I  PL  EC  HI  XI  DJi. 

Genus  HiPPONOk,  Gray,  1840. 
Hipponoc-  proana,  Duncan  if  Sladtn  :  p.  310. 
 antiqua,  Duncan  d>  Sladen :  p.  313. 

Genus  EcilIXCS  (Rondel.),  Linni,  1758. 
Eebioua  tubcrenatus,  Duncan  if  Sladen:  p.  317. 

Order  ECH  I  HOI  DE  A  EX0CYCLICA. 

Subtler  GNATHOSTOMATA. 

Family  CLTPEASTRIDM. 

Subfamily  Etrci.TPEAilTBlff X. 

Genu*  Cltpeabteb,  Lamarel;  1801. 
Clypeaater  profundus  (<f  Arehiac),  Duncan  $  Sladen :  p.  319. 

 pulvinatuB,  Duncan  f  Sladen  :  p.  322. 

 pelriformia,  Duncan  $  Sladen  :  p.  324. 

 oomplanatui,  Duncan  if  Sladen  :  p.  326. 

 depreaaua,  Sowerby :  p.  327. 
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Family  SCVTKUADJB. 

Genue  BcilTKODISOrs,  Breyn.,  amended  by  A.  Agaetiz,  1S72. 
Echinodiacua  Dcaori,  Duncan  $  Siaden :  p.  328. 

 ,  Tar. :  p.  328. 

 placenta,  Duncan  4r  Siaden :  p.  320. 

 ellipticua,  Duncan  Jf  Siaden  :  p.  330. 

 elongatua,  Duncan  if  Siaden  :  p.  331 . 

 ap. :  p.  329. 

 ap.:  p.  331. 

Subonler  ATELOSTOMATA. 

Family  CASSIDULIDA?. 
Subfamily  Bchikolampix «. 
Genut  Ecwxolampaj,  Gray,  1825. 

Echinolampaa  Ja«juomonti,  tC Archive,  if  JIaime  :  p.  332. 
 ephcroidalia?,  d'Archiae  :  p.  338. 

PamVy  SPAT  AUG  ID.K. 

Subfamily  Spatajkjin*. 

Genue  Schizahtkb,  Agauit,  ISM. 
SchiraatCT  Granti,  Duncan  tf  Siaden :  p.  339. 
 nuffltttun,  Duncan  Jr  Siaden :  p.  339. 

GtnuM  Moiba,  A.  Agaetu,  1872. 
Moira,*p.?:  p.  342. 

Genue  Mkoma,  Gray,  1851. 
Meoma,ap.?:  p.  342. 

Genu*  BatTxu,  Deeor,  1847. 
Breynia  carinata,  d'Archiae :  p.  343. 

Subfamily  BkiaaiXA. 
Genu*  Baiaars,  A'Wn,  1734. 
Briasua,  op. :  p.  354. 


Summary  of  the  Specie*  of  Fossil  Echinoidea  from  the  Gdj  Series  in  Sind. 


1.  Cidaris  opipara,  Duncan  4"  Siaden:  p.  279. 

2.   oxcelsa,  Dutican  <$•  Sladtn  :  p.  282. 

3.   «pp.  (ipinva)  :  p.  2*3. 

4.  Coelopleurus  Forbes),  d'Archiae  4-  Haime:  p.  287. 

5.   Sindcnsis,  Duncan  4"  Sladtn :  p.  298. 

6.  TcnmccbinuB  ltoutaeuui,  (f  Archiac,  §p.  :  p.  303. 

7.   uffiuU,  Duncan  4'  Stofai :  p.  303. 
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8.  Temnochinn*  itellolattu,  Duntan  4"  Sladcn  :  p.  304. 
ft.   Gajenais,  Duncan  4  SW«  |  p.  305. 

10.  Lepidoplourua  bcmi*phicricua,  .Duncan  Jr  Sladcn  :  p.  306. 

1 1 .   frranulatus,  Duncan  <}-  Slailcn  :  p.  301?. 

12.  Hipponoii  proavia,  Duntan  d  Sladcn :  p.  310. 

13.   antiqua,  Duncan  4'  Sladtn  i  p.  313. 

14.  Kchino*  aubcronatua,  Duncan  Jr  Sladtn  :  p.  31 7. 

15.  Clypeaster  profundus  (<TArchiac),  Duncan  4"  Sladtn  :  p.  319. 

1 6.   pulvinatus,  Duncan  d'  Sladtn :  p.  322. 

17.   pelviformia,  Duncan  Sf  Sladcn  :  p.  324. 

18.   complnnatun,  Duncan  if  Sladtn:  p.  325. 

19.   deprwua,  Soverljf  :  p.  327. 

20.  Echinodiscaa  Dcaori,  Duncan  if  Sladcn  :  p.  828. 

21.  ,  var.:  p.  328. 

22.   placoiita,  Duncan  d"  Sladcn :  p.  329. 

23.  —  ellipticna,  Dudiean  d*  Sladtn :  p.  330. 

24.   clongatua,  Duncan  d-  Sladtn :  p.  331. 

25.   »p. :  p.  329. 

26.   ap. :  p.  331. 

27.  Echiaolampaa  Janjuemonti,  d"Arckiae  S[  Uaiuu :  p.  332. 

28.   ^horoid«li.?..f-4rrAia<-:  p.  338. 

29.  Schizaater  Uranti,  Duncm  d-  Sladcn  :  p.  339. 

30.   sufflatoa,  Duncan  J-  Stolen ;  p.  339. 

31.  Moira,  «p.?:  p.  342. 

32.  Meoma,  sp.  f  :  p.  342. 

33.  Breynia  carinato,  dArchiac:  p.  343. 

34.  Uriaaua,  ap. :  p.  354. 


Total  species  described   27 

Rjiecies  not  named   5 

Varieties   1 

Spines  of  several  i 


III.  Description  of  the  Fossil  Echinoidea  from  the  Gdj  Series  of  Strata 

in  Western  Sind. 

Order  ECHINOIDEA  ENDOC  YCLIC  A. 

Family  CIDAMDJS. 
Genus  CIDARIS,  Klein,  1734. 

1.  Cidahis  opipara,  Duncan  &  Sladen.    Plate  XLIV,  Figs.  1-8. 

Form  circular,  subdepresscd,  the  height  being  less  than  two  thirds  the  breadth. 
Unfortunately  the  large  type  specimen  is  somewhat  crushed  and  these  proportions 


280 


THE  FOSSIL  ECHINOIDEA 


cannot  in  consequence  be  given  accurately  ;  but  a  smaller  example  (in  which  the  height 
would  normally  be  greater)  presents  the  above  proportions  exactly.  When  seen  in 
profile,  tho  inflation  at  the  ambitus  presents  a  very  regular  curve,  full  and  well  rounded, 
the  contraction  of  the  test  being  very  little,  if  at  all,  greater  actinally  than  abactiually. 

Ambulacra  considerably  flexed,  rather  narrow,  contracting  towards  the  apex,  and 
to  a  less  degree  towards  the  peristome.  Poriferous  zones  rather  shallow  and  not  very 
deeply  sunken,  nearly  as  broad  as  the  interporiferous  area.  Pores  slightly  oval  trans- 
versely, those  of  a  pair  separated  from  one  another  by  a  space  rather  greater  than  their 
own  transverse  diameter,  upon  which  is  present  a  rather  coarse  and  ill-defined  elevation, 
limited  to  the  aboral  portion  of  the  plate,  the  adoral  margin  of  the  plate  having  the 
appearance  of  being  faintly  channelled,  but  not  definitely  in  connection  with  the  pores, 
the  feature  being  mainly  produced  by  the  thin  elevated  ridge  developed  on  the  aboral 
margin  of  the  adjoining  plate,  by  which  the  pairs  of  pores  are  separated.  Near  the  apex 
the  ill-defined  elevation  which  separates  the  pores  of  a  pair  becomes  more  definitely 
granular.  The  two  pores  on  a  plate  arc  similar  in  shape  and  size  :  and  there  are  16  or 
17  pairs  of  pores  opposite  to  one  of  the  largest  interambulacral  plates  at  the  ambitus. 
The  interporiferous  areas  are  of  moderate  breadth  and  are  furnished  with  two  rows  of 
minute  mammillated  tubercles,  placed  at  the  extreme  margins  of  the  area,  that  is  to  say 
one  on  each  plate  adjacent  to  the  inner  row  of  pores.  On  the  abactinal  portion  of  the 
area  the  plates  bear  on  the  inner  side  of  this  small  tubercle  one  still  smaller  miliary 
granule,  in  regular  series  ;  in  the  neighbourhood  of  the  ambitus,  however,  the  place  of 
this  granule  is  occupied  by  two  miliary  granules,  standing  one  above  the  other,  so  that 
the  regularity  of  the  uniserial  row  of  the  inner  miliary  granules  is  unbroken. 

The  interambulacral  areas  are  rather  more  than  five  times  the  width  of  the  ambu- 
lacra at  their  widest  part :  and  there  are  two  rows  of  7  to  8  primary  tubercles  in  each 
iuterambulacrum,  the  tubercle,  however,  on  the  uppermost  pair  of  plates  being  usually 
undeveloped.  The  primary  tubercles  are  large,  perforate,  and  non-crenulatc,  and  their 
bosses  are  large  and  extensive,  frequently  somewhat  tumid.  The  mamelons  are  broad 
and  subdepressed,  somewhat  button-shaped,  with  the  edge  slightly  bevelled  or  flattened 
in  its  rounding.  The  collar  is  wide  and  sensibly  grooved,  the  neck  is  short  and  thick. 
The  scrobicules  are  wide  and  extensive,  circular  on  the  abactinal  surface,  but  becoming 
oval  at  the  ambitus,  and  in  an  increasing  degree  towards  the  peristome.  The  scro- 
bicular  ring  is  complete,  and  composed  of  15  to  1G  conspicuous  mammillated  granules, 
or  miliary  tubercles,  widely  spaced.  The  mamolon  of  these  granules  is  small,  spherical, 
and  well  defined  ;  the  boss  broad,  subdepressed,  and  more  or  less  expanded  laterally, 
and  often  somewhat  undulating  in  its  surface.  The  scrobicular  ring  comes  so  close  to 
the  aboral  and  adoral  margins,  and  the  margin  adjacent  to  the  poriferous  zone,  that 
there  is  only  room  for  single  very  minute  miliarics  here  and  there  opposite  the  inter- 
spaces of  the  miliary  granules  of  the  ring.  In  the  case  of  the  margin  adjacent  to  the 
poriferous  zone  the  miliaries  arc  rather  larger  and  more  frequent,  but  only  a  single  row 
is  present,  except  at  the  upper  and  lower  corners  of  the  plate,  which  are  filled  in  with 
two  or  three  additional  ones.  The  miliary  zone  is  very  narrow,  with  a  well-defined 
depression  along  the  zigzag  median  suture  ;  and  more  emphasized  depressions  occur  at 
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the  places  where  the  horizontal  sutures  of  plates  meet  the  median  suture,  in  other 
words,  at  the  corners  of  the  plates.  The  miliary  zone  is  occupied  by  a  small,  some- 
what irregular,  miliary  granulation.  The  granules  are  irregular  and  generally  diminish 
in  size  as  they  recede  from  the  scrobicular  ring,  but  are  often  irregular  both  in  size  and 
shape.  Here  and  there  some  appear  to  have  a  tendency  towards  confluency,  indicated 
rather  by  shape  than  by  actual  contact,  and  in  some  places  on  a  few  plates  irregular  and 
ill-defined  channels  may  be  traced  from  the  scrobicular  ring  to  the  median  suture ;  but 
no  constancy  can  bo  noted  in  this  character.  Not  more  than  three  series  of  miliaries 
can  be  counted  between  the  scrobicular  ring  and  the  median  suture.  The  most  aboral 
primary  plate  in  each  column  of  the  interambulacral  area  has  the  primary  tubercle 
imperfectly  developed,  and  the  region  surrounding  its  scrobicule  is  well  granulated. 

The  peristome  is  small  and  pentagonal,  16  millim.  in  diameter  in  a  specimen  40 
millim.  in  diameter  at  the  ambitus.  There  is  a  rather  strongly  developed  notch  (still 
very  minute)  at  the  junction  of  the  ambulacral  and  interambulacral  areas  (see  Fig.  8, 
where  the  artist  has  perhaps  rendered  it  a  trifle  too  deep).  Unfortunately  the  apical 
disk  is  wanting  in  all  our  specimens;  but  judging  from  the  aperture  presented  by  the 
type  specimen  (shown  in  Fig.  1)  its  size  was  relatively  small  for  the  genus. 

Remarks.  This  species  is  distinguished  from  any  other  Indian  form  with  which  we 
are  acquainted.  It  has  some  resemblances  to  the  two  Cidarids  which  we  have  described 
from  Kattywar*,  viz.  C.  depressa  and  C.  granulata  ;  but  iB  distinguished  from  the 
former  by  the  narrowness  and  character  of  the  ambulacra,  and  from  the  latter  by  the 
same  features,  as  well  as  the  character  of  the  ornamentation  of  the  primary  interradial 
plates.  In  C.  opipara  the  narrowness  of  the  ambulacral  areas  and  the  breadth  of  the 
interambulacral  areas  are  remarkable,  whilst  the  large  size  of  the  scrobicular  areas,  the 
prominence  and  isolation  of  the  miliary  tubercles  of  the  scrobicular  ring,  and  the 
diminutive  size  and  paucity  of  the  general  miliary  granulation  of  the  interambulacral 
plates  furnish  well-marked  characters. 

Dimensions.  The  following  are  the  measurements  of  four  specimens  : — 

a.  b.  c.  d. 

Height    .    .    .    SOf  296  265  18t 

Breadth  ...    53$  43  39  6  31-5$ 

Localities.  In  the  Gaj  series  of  strata  :— 

i.  Four  miles  south-west  of  Beynir  Hill.    Survey-number  G 

ii.  Scarp  at  Kupo-jo-lak,  or  pass  on  the  M61  range,  west  of  Shah-beg  (same 
locality  as  G  Survey-number  G 

iii.  Naig-Nai  valley,  twelve  miles  south  of  Shdh  Rhui.    Survey-number  G 

iv.  A  few  miles  south  of  Pir  Mangal  (Mugger  Peer).    Survey-number  G  ^ft1. 

v.  Sita  Nai,  Khirthar  range.    Survey-number  G 

•  '  Tort  Echin.  Kachh  and  Kattywar/  PaL  Ind.  Sot.  XIV.  (1883). 
t  In  thaw  me«*uremenU  the  tort  u  .tightly  crashed. 

t  In  the  meunrcmcnta  thus  marked,  the  toet  ia  alighUy  cruahed  out  of  ahape,  the  measurement  given 
ean  of  the  major  and  nunor  d.amoloxa.  ^ 
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The  specimens  received  from  the  two  last-named  localities  are  too  much  weathered 
for  positive  determination ;  they  present,  however,  the  chief  characters  of  the  species, 
and  we  feel  little  hesitation  in  referring  them  to  it. 


Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Profile  view  of  the  same  test :  natural  size. 

3.  Actinal  view  of  a  smaller  specimen :  natural  size. 

4.  Ambulacral  plates  near  the  ambitus,  from  the  same  specimen  as  Fig.  1 : 

magnified. 

6.  Ambulacral  plates  on  the  abactinal  part  of  the  area,  from  the  same 
specimen:  magnified. 

6.  Interambulacral  plate,  from  the  same  specimen :  magnified. 

7.  Portion  of  an  ambulacral  area,  to  show  the  flexure  and  the  posture  of 

the  plates,  from  the  same  specimen  as  Fig.  S :  magnified. 

8.  Portion  of  the  margin  of  the  peristome,  from  the  same  specimen : 

magnified. 

2.  Cidaris  eicblsa,  Duncan  &  Sladen.    Plate  XLIV,  Figs.  9-11. 

There  are  two  fragments  of  a  Cidaris  test,  from  different  localities,  in  the  col- 
lection of  Gaj  Echini,  which,  though  unfortunately  not  well  preserved,  are  still 
sufficiently  marked  to  indicate  that  they  belong  to  a  Bpecies  clearly  distinct  from  any 
known  Indian  form,  and  also,  we  believe,  from  any  hitherto  described  from  other 
Tertiary  areas. 

In  both  cases  the  portion  preserved  consists  of  nearly  the  whole  of  an  interambu- 
lacral area,  and  in  one  of  the  fragments  half  of  the  ambulacral  area  on  cither  side  is 
also-intact.    The  following  characters  may  be  observed  :— 

Judging  from  the  largest  fragment,  the  test  appears  to  have  been  high  in  relation 
to  the  breadth  of  the  interambulacral  area  ;  and  the  tumidity  at  the  ambitus  was  not 
great. 

The  ambulacra  were  slightly  flexuous  and  decidedly  broad.  Poriferous  zones  only 
slightly  sunken,  and  narrower  than  half  the  interporiferous  area.  Pore*  transversely 
oval,  those  of  a  pair  equal  and  similar,  placed  near  together  and  separated  by  a 
small  elevation,  forming  an  indistinct  granule.  There  are  12  to  13  pairs  of  pores 
opposite  one  of  the  large  interambulacral  plates  near  the  ambitus.  The  interporiferous 
areas  are  broad  and  ornamented  with  six  longitudinal  rows  of  comparatively  widely 
spaced  miliary  granules.  There  are  .consequently  three  granules  on  each  plate :  that 
which  stands  adjacent  to  the  poriferous  zone  is  the  largest,  mammillated,  and  occupies 
nearly  the  whole  of  the  depth  of  the  plate.  The  two  other  granules  are  quite  small 
and  diminutive,  little  larger  than  the  mamelon  of  the  one  just  described,  widely  spaced, 


and  standing  near  the  ad  oral  margin  of  the  plate.  The  great  breadth  and  apparent 
nakedness  of  the  interporiferous  area  is  remarkable. 

The  interambulacral  areas  are  a  little  more  than  three  times  the  width  of  the 


Illustrations  of  the  Species  in  Plate  XLIV. 
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ambulacra  (or,  more  exactly,  the  ambulacra  may  be  estimated  at  three  tenths  the 
width  of  the  interambulacra).  The  width  of  the  interambulacral  plates  is  remarkable, 
that  of  the  large  plates  near  the  ambitus  being  proportional  to  their  own  length 
(i.  e.  height)  as  1 :  0-55.  In  a  similar-sized  example  of  C.  opipara,  nobis,  the  plates  occu- 
pying the  same  position  have  their  width  proportional  to  their  length  as  1 :  O'CG.  The 
primary  tubercles  are  rather  small,  perforate,  but  not  crenulate ;  mamelons  mode- 
rately prominent,  somewhat  button-shaped,  and  with  a  well-incised  neck.  The 
scrobicules  are  transversely  oval  and  extend  close  to  the  ad-  and  aboral  margins  of  the 
plate.  The  scrobicular  ring  is  complete,  but  the  granules  at  the  ad-  and  aboral 
margins  are  pushed  so  close  to  the  edge  of  the  plate  as  to  appear  to  be  slightly  cut 
sway.  The  space  which  intervenes  between  the  scrobicular  ring  and  the  poriferous 
zone  at  the  ambitus  is  a  little  more  than  half  the  space  which  intervenes  between  the 
scrobicular  ring  and  the  median  suture,  and  is  about  equal  to  the  width  of  half  the 
interporiferous  area.  The  scrobicular  ring  is  composed  of  22  to  24  small  miliary 
tubercles,  indistinctly  mammillated  and  rather  closely  placed ;  the  space  on  the  pori- 
ferous side  of  the  plate  on  the  one  hand  and  the  miliary  zone  on  the  other  being 
occupied  by  small  miliary  granules  which  diminish  in  size  as  they  recede  from  the 
scrobicular  ring,  the  granules  or  miliary  tubercles  composing  the  latter  not  being  very 
much  larger  than  the  series  of  miliarics  immediately  external  to  them.  This  cir- 
cumstance goes  far  to  obliterate  the  prominence  of  the  scrobicular  ring,  and  imparts  a 
characteristic  facies  to  the  form.  The  miliary  granulation  on  the  whole  is  well  spaced  ; 
and  indistinct  traces  of  superficial  channelling,  forming  lines  of  granules  in  single  file, 
which  pass  from  one  scrobiculc  to  the  next  adjacent,  may  be  discerned  here  and  there. 
The  sutures  of  the  plates  are  rather  deeply  incised,  especially  where  the  horizontal 
sutures  fall  into  the  median  suture  at  the  angles  of  the  plates,  and  suggest  more  or  less 
forcibly  a  Goniocidarid  facies  in  this  respect. 

Dimensions.  In  the  better-preserved  fragment  the  width  of  the  interambulacral 
area  at  the  ambitus  is  20  raillim.  ;  the  length  of  the  whole  fragment  32  millim.,  which 
does  not  represent  the  full  height  of  the  test 

Localities.  In  the  Gaj  series  of  strata : — 

i.  Entering  the  hills  on  the  road  from  Jangri  to  Bula  Khan's  Thana.  Survey- 
number  G  *if< 

ii.  Siimbak  pass,  east  side ;  three  or  four  miles  north  of  the  danoat  or  gorge  of 
the  Baron  River.    Survey-number  G  ^ftp. 

Illustrations  of  the  Species  in  Plate  XLIV. 

Fig.  9.  A  fragment  of  the  test :  natural  size. 

10.  Ambulacral  plates :  magnified. 

11.  Interambulacral  plate :  magnified. 

3.  Ci  i>.\  it  is,  detached  spines  of  several  species.    Plate  XLV. 

There  are  in  the  Gaj  collection  a  large  number  of  spines,  probably  belonging  to 
several  species  of  Cidaris.    Of  these  it  may  be  said  that  the  majority  have  a  striking 
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Phyllacanthid  fades,  in  so  far  that  they  suggest  the  aspect  of  the  spines  of  several  of 
the  existing  forms  referred  to  that  subgenus.  The  variety  of  the  form  of  the  spines  in 
the  different  living  species  of  this  subgenus,  and  the  modifications  both  of  shape  and 
character  on  different  parts  of  the  same  test  throughout  the  whole  genus  are  so  con- 
siderable, that  we  consider  it  little  more  than  frivolity  and  guess-work  to  assign  specific 
names  to  the  detached  spines  with  which  we  have  now  to  deal.  This  opinion  is 
strengthened  by  the  fact  that  we  arc  quite  unable  to  say  which  arc  the  respective 
spines  belonging  to  the  two  species  of  Cidaria  described  on  the  preceding  pages ;  and 
it  is  not  a  little  remarkable  that  whilst  tests  of  Cidaris  were  found  at  seven  different 
localities  in  the  Gaj  series,  spines  were  found  only  at  two  of  these  (numbered  by  the 
Survey  G  s40s4  anu  G  W1'  at  which  localities  the  denuded  tests  of  C.  opipara  and 
C.  excelsa  respectively  were  also  obtained).  Detached  spines  were  met  with  at  four 
other  localities,  but  no  fragments  even  of  tests  were  found  associated  with  them. 

On  Plate  XLV  we  have  given  drawings  of  a  representative  series  of  the  spines 
from  the  Gaj  strata:  they  are  faithful  delineations  of  the  fossils;  and  after  the  fore- 
going remarks  the  following  brief  notes  on  their  characters  and  occurrences  will 
probably  be  deemed  sufficient  :— 

Figs.  1-12  represent  a  series  of  spines  which  recall  in  the  most  vivid  manner  the 
facics  of  spines  of  the  type  of  the  recent  Phyllacanthus  verticillatay  Lamk.  sp.  The 
shaft  is  thick  and  massive,  ornamented  with  a  coarse,  widely  spaced  granulation,  anuuli 
of  larger  and  more  prominent  thorn-like  granules  being  formed  at  intervals.  These 
characteristic  transverse  ridges  arc,  however,  confined  to  one  side  of  the  shaft,  the 
unarmed  side,  if  it  may  be  so  termed,  being  occupied  by  regular  longitudinal  rows  of 
uniform  small  granules  (see  Fig.  3  a,  which  is  the  unarmed  side  of  the  same  spine  as 
Fig.  3),  often  somewhat  sharpened  along  their  longitudinal  axis  and  pointed  outward ; 
and  the  general  surface  of  the  spine  between  the  granulation  is  occupied  by  very 
minute,  uniform,  microscopic  granulation  (see  Fig.  12  a).  Between  the  transverse 
ridges  the  granulation  is  widely  spaced  and  more  or  less  irregular,  except  towards  the 
base  (see  Fig.  3  b).  The  basal  articulator}-  portion  of  the  shaft  is  small  and  contracts 
rapidly,  and  the  margin  is  smooth  and  not  crenulated.  At  the  distal  extremity  the 
shaft  is  frequently  flaring  and  cup-formed.  Whether  the  spines  represented  by  the  series 
of  Figs.  1-12  all  bolong  to  the  one  species  it  would,  in  our  opinion,  be  hazardous 
to  suggest.  The  spines  of  this  type  were  procured  at  the  following  localities : — 
i  Entering  the  hills  on  the  road  from  Jangri  to  Biila  Khan's  Thana.  Survey-number 
G  Vs11-  »•  Sarochi,  three  miles  north  of  P6khan  (collected  by  Ram  Sing).  Survey- 
number  G  33V- 

Fig.  13  is  a  large  massive  cylindrical  spine  of  the  character  of  the  recent  Phylla- 
eanthus imperialis  and  P.  dubia ;  it  is  marked  with  fine  longitudinal  striations, — the 
edges  of  lamcllte ;  and  the  interspaces  are  filled  in  with  a  fine  reticulated  calcareous 
network-  The  fossil  is  more  tapered  at  the  extremity  than  the  spines  of  the  recent 
species  we  have  mentioned,  and  the  calcareous  network  between  the  lamella?  appears 
to  be  coarser.  Furthermore  the  shaft  does  not  expand  as  it  approaches  the  collar,  the 
whole  region  of  the  collar  being  somewhat  contracted  in  our  form  and  of  less  diameter 
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than  the  shaft  generally.    Spines  of  this  description,  or  fragments,  were  found  at 
several  localities,  viz. :— i.  Six  miles  east-north-east  of  Karachi.   Survey-number  G 
ii.  Entering  the  hills  on  the  road  from  Jangri  to  Biila  Khan's  Thana.  Survey-number 
G  iii.  Sarochi,  three  miles  north  of  Pokhan.   Survey-number  G  3g^.    iv.  Base  of 

scarp  four  miles  west  of  Trak  Hill.    Survey-number  G  aa£^1. 

Figs.  14  and  15  are  two  Cidaria-spiaes  of  a  rather  elongate  form,  which  tapers  to 
a  fine  extremity,  and  shows  considerable  variation  in  the  prominence  and  coarseness  of 
the  thorn-like  granules  of  the  ornamentation.  A  large  number  of  examples  of  this  type 
were  found  at  a  locality  four  miles  south-west  of  Bcynir  Hill.    Survey-number  G 

Fig.  1C  is  a  comparatively  delicate  cylindrical  spine,  and  the  fragments  we  have 
studied  indicate  no  trace  either  of  inflation  or  tapering,  in  this  respect  recalling  most 
nearly  perhaps  the  habit  of  the  recent  C.  papillata ;  the  granulation,  however,  is  small 
and  definitely  granular,  and  disposed  in  regular  longitudinal  lines.  Fig.  16  a  represents 
a  portion  magnified.  There  seems  little  doubt  that  this  form  of  spine  belongs  to  a 
species  distinct  from  any  of  those  hitherto  noted.  The  collection  contains  only  a  few 
fragments  which  came  from  the  base  of  a  scarp  four  miles  west  of  Trak  Hill.  Survey- 
number  G 

Fig.  17  is  a  spine  of  Cidaris  about  which  we  have  some  doubt.  It  resembles  the 
fossil  given  in  Fig.  16  rather  closely  in  the  style  of  ornamentation  (see  Fig.  17a),  but 
differs  both  in  the  collar  and  in  the  inflated  and  subfusiform  shaft,  and  appears  to 
present  nearer  alliances  to  the  series  to  which  Fig.  20  belongs.  It  seems  also  to  differ 
too  widely  both  in  general  habit  and  character  of  ornamentation  from  the  spines  repre- 
sented by  Figs.  14  and  15  to  be  ranked  as  belonging  to  the  same  species,  notwith- 
standing the  fact  that  it  was  found  in  the  same  locality,  four  miles  south-west  of 
Beynir  Hill.    Survey-number  G 

Fig.  18  is  a  small  slightly  flattened  spine  which  does  not  belong  to  Cidaris  at  all. 
It  is  the  only  example  obtained,  and  comes  from  Sarochi,  three  miles  north  of  Pokan. 
Survey-number  G  8s°aa- 

Figs.  19-28,  with  the  exception  of  Fig.  24,  represent  a  series  of  spines  selected 
from  a  large  number,  which  we  believe  to  belong  to  one  and  the  same  type,  notwith- 
standing a  great  amount  of  variability  in  the  inflation  of  the  shaft  and  in  the  manner 
in  which  the  spinulate  ornamentation  is  developed.  It  is  easy  to  pick  out  extreme 
forms  in  this  series  which  at  first  sight  appear  irreconcilable  to  such  a  view  ;  but  on 
careful  study  of  the  material,  intermediate  forms  may  be  found  which  more  or  less 
clearly  unite  the  extremes  and  seem  to  justify  the  assumption  that  all  belong  to  the 
same  species.  Species  of  recent  Cidaris  may  be  pointed  to  in  which  the  variability 
of  the  spine  is  quite  as  great  The  spines,  which  were  inforentially  referred  by 
d'Archiac  and  Haime  to  their  Cidaris  halaensis  (An.  foss.  de  lTnde,  p.  197,  pi.  xiii, 
figs.  So-/),  are  unquestionably  represented  in  this  series,  and  Figs.  21,  22,  23,  and  28 
may  be  taken  as  typical  examples  of  that  form  ,  but  we  can  offer  no  support  or  con- 
firmation to  the  suggestion  of  our  learned  predecessors — indeed,  the  evidence  seems 
Tather  to  oppose  the  correctness  of  that  view.  In  the  Miocene  Beries  of  Kachh  we 
have  already  noticed  fragments  of  a  test  which  we  refer  to  C.  halaensis,  d'Archiac  and 
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Haime,  and  a  number  of  detached  spines  were  also  met  with  in  the  same  measures. 
None  of  these,  however,  find  a  counterpart  in  the  Grij  collection — evidence,  though 
negative,  which  goes  strongly  against  the  assumption  that  these  spines  belong  to 
C.  halaensis.  Throughout  the  series  the  shaft  is  more  or  less  inflated  in  the  region  of 
the  lower  third,  producing  a  subfusiform  profile ;  and  the  distal  extremity  appears  to 
have  often  been  flaring  and  cup-shaped.  The  ornamentation  is  more  or  less  spinulate, 
and  is  nearly  always  larger  and  more  strongly  developed  on  one  side  of  the  shaft  than 
the  other.  Figs.  22  and  22a  represent  opposite  sides  of  the  same  spine;  Fig.  22  J  a 
portion  magnified.  In  some  cases  the  spinulate  ornamentation  appears  to  have  been 
almost  monstrously  developed,  as  in  Fig.  19,  and  it  would  be  hard  to  say,  with  any 
degree  of  certainty,  that  this  spine  was  properly  placed  in  this  series.  It  is  also 
doubtful  whether  Figs.  26  and  27  really  belong  to  the  same  species  as  the  rest  of  the 
series ;  in  both,  the  inflation  of  the  shaft  is  very  slight,  and  in  Fig.  2G  the  spinulate 
ornamentation  is  smaller  and  more  numerous  than  in  any  of  the  others.  In  Fig.  27 
the  ornamentation  is  disposed  in  longitudinal  lines,  and  the  thornlets  composing  it  are 
very  erratic  and  irregular  in  their  development. 

Fig.  24  does  not  belong  to  the  so-called  C.  halaensis  type.  It  is  a  fragment  of 
what  was  probably  a  straight  cylindrical  spine,  with  widely-flaring  cup-fortned 
extremity  (and  figured  on  that  account) ;  its  ornamentation  is  comparatively  small, 
rather  widely  spaced,  and  in  longitudinal  lines.  The  spines  represented  in  Figs.  19-28 
were  all  found  at  the  base  of  a  scarp  four  miles  west  of  Trak  Hill.  Survey-number 
G  Js(>9*  Others,  similar  to  some  of  them,  at  Sarochi,  three  miles  north  of  Pdkhan. 
Survey-number  G 

There  is  a  small  much  broken  fragment  of  a  more  echinulate  spine  than  any  of 
those  above  noticed,  which  recalls  the  character  of  two  of  the  spines  we  have  previously 
figured  from  the  Miocene  of  Kachh  (Tert.  Echin.  Kachh  and  Kattywar  *,  pi.  viii, 
figs.  11  and  14).  In  this  example  tho  ornamentation  is  sharply  echinulate,  confined 
entirely  to  one  side,  and  does  not  show  any  tendency  to  form  transverse  ridges.  It  was 
found  six  miles  cast-north-cast  of  Karachi.    Survey-number  G  ff. 

Family  ARBACIABM,  Gray,  1855. 

Genus  COZLOPLEURUS,  Agassiz,  1840,  amended. 

The  occurrence  of  species  of  the  genus  Calopleurus  in  the  Tertiary  deposits  of 
Sind  was  noticed  by  d'Archiac  and  Haime  in  their  great  work,  and  they  described 
three  species.  Of  these,  one  had  already  been  described  by  Klein,  and  renamed  by 
Agassiz  Caelopleurus  equis,  and  the  others  were  new  to  science.  The  distinguished 
authors  of  4  Les  Animaux  fossiles  de  l'lnde '  considered  that  all  their  specios  of  the 
genus  Calopleurus  came  from  the  Nummulitic  strata,  but  we  find  that  only  two  of 
them  came  from  that  horizon.    One  is  a  Miocene  form,  not  only  in  Sind,  but  also  in 

•  Pal.  Indies,  Ser.  XIV.  (1883). 
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Kachh  and  Kattywar,  The  eecond  Nummulitic  species  is  Calopleurm  Pratti,  d'Archioc 
and  Uaime,  and  the  Miocene  form  is  C.  Forbesi,  d'Archiac  and  Haime. 

We  have  noticed  that  the  true  horizon  of  the  Cceloplevri  in  Sind  is  not  so  low  as 
the  true  Nummulitic  limestone ;  but  it  is  that  of  the  Oligocene  strata  of  the  Nari  aerieB, 
which  contain  a  few  species  of  Numroulites.  No  species  has  been  found  in  the  Khirthar 
series  or  in  the  Ranikot  beds,  the  first  named  containing  the  true  Nummulitic  limestone. 

Our  descriptions  of  C.  equis  and  C.  Pratti  wiU  be  found  on  referring  to  the 
Fasciculus  on  the  Nari  Series  or  Oligocene  of  Sind  *. 

In  describing  the  CalopUuri  of  Kachh  we  redescribed  C.  Forbesi  (page  53),  and 
we  noticed  that,  as  this  species  occurred  in  Kattywar,  we  should  consider  its  details 
more  carefully  in  dealing  with  the  fossils  from  that  locality.  But  on  investigating  the 
forms  from  that  Miocene  horizon,  we  found  that  there  were  points  about  them  which 
required  much  more  study,  and  a  probable  alteration  of  the  generic  diagnosis.  Hence 
we  did  not  give  any  further  information,  and  we  trust  that  this  explanation  will  be 
sufficient. 

The  specimens  of  the  genus  Calopleurus  in  the  Miocene  strata  of  the  Gaj  group 
are  numerous,  and  some  are  in  a  very  fair  condition  of  preservation.  The  forms  vary 
much  in  the  different  stages  of  growth,  and  yet  those  which,  on  a  superficial  view, 
would  be  called  C.  Forbesi,  d'Archiac  and  Haime,  can  be  readily  separated  from  the 
others.    They  are  larger  and  more  tumid  forms. 

Yet  there  is  no  doubt  that  if  the  specific  diagnosis  of  C.  Forbesi,  as  given  in  1  Les 
Animaux  fossiles  de  l'lnde,'  be  depended  upon,  the  forms  cannot  come  under  that 
species.  MM.  d'Archiac  and  Haime  were  furnished  with  most  wretched  specimens, 
in  fact,  with  such  as  no  modern  palaeontologist  would  care  to  describe.  Hence  their 
diagnosis  is  correct  where  they  clearly  saw  details,  and  just  as  incorrect  where  they  had 
to  assume.  Whilst  we  retain  the  specific  name  of  C.  Forbeai,  and  still  associate  it 
with  the  names  of  the  distinguished  French  pakeontologists,  it  must  be  understood 
that  very  few  of  their  special  characters  remain  and  that  the  spocific  diagnosis  is  almost 
entirely  new. 

Our  discovery  of  the  nature  of  the  ambulacra!  plates  in  relation  to  the  tubercles, 
and  the  development  of  the  tubercles  of  the  ambulacra,  affects  the  old  diagnosis  con- 
siderably. So  does  the  presence  of  the  perforations  at  the  angles  of  the  sutures  of  the 
ambulacral  median  line,  noticed  in  the  recent  forms  by  A.  Agassiz,  and  the  presence 
of  a  tag  on  either  side  of  the  ambulacra,  at  the  peristome. 

1.  CuaoPLEUKUS  Forbesi,  d'sirchiac  &  J.  Haime,  amended.    Plate  XIAT,  Figs.  1,  2, 
4,  7,  9. 

The  test  is  large  and  tumid,  and  rather  high ;  above  the  ambitus  the  slope  is  but 
slight  to  the  apical  disk,  and  this  slope  commences  where  the  diameter  of  the  test  is 
greatest.  From  this  part  there  is  a  gradual  narrowing  down  to  the  surface  upon  which 
the  test  rests.  Actinally  the  test  is  very  slightly  convex  and  tends  to  be  flat,  and  the 
comparatively  small  peristome  is  in  the  midst  of  a  decided  concavity,  or,  in  other  words, 
•  1'aL  Indica,  Ser.  XIY.  (1883),  Tert.  Echin.  of  Kachh  and  Kattywar. 
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the  edge  of  the  peristome  is  at  a  higher  level  than  the  surface  just  mentioned.  The 
breadth  of  the  test  greatly  exceeds  the  height,  and  the  contour  from  above  is  nearly 
circular,  an  apparent  angularity  being  sometimes  given  by  the  projecting  tubercles  of 
the  ambulacra.    From  below  the  aspect  is  circular  at  the  narrowing  part. 

The  apical  system  is  on  the  top  of  the  low  slope  upwards,  from  the  widest  part  of 
the  test ;  it  projects  with  a  different  slope  from  that  of  the  teat  below,  and  is  well 
developed.  The  periproct  is  large,  somewhat  elliptical,  its  long  diameter  being  between 
interradium  no.  3  and  ambulacrum  no.  1.  The  basals  are  large  and  form  the  anal 
ring;  they  are  slightly  raised  into  a  marginal  ring  which  is  ornamented  with  a 
continuous  row  of  close  granules,  and  they  are  perforated  for  the  ovarial  duct,  cither  at 
mid-distance  between  the  periproct  and  their  adoral  angle,  or  in  the  outer  third  of 
their  length.  The  pore  is  large  and  may  or  may  not  have  a  raised  rim.  The  adoral 
angle  of  a  basal  extends  well  into  the  interradium,  and  only  slightly  more  adorally  than 
the  radial  plates  close  by. 

The  greatest  breadth  of  a  basal  plate  is  at  a  little  distance  from  the  anal  edge,  and 
all  the  sides  are  slightly  and  symmetrically  concave,  and  the  three  angles  on  either  side 
of  the  plate  are  distinct  and  moderately  open.  The  madreporite  is  in  the  largest  plate. 
The  radial  plates  are  large,  broad  as  a  rule,  broader  than  high,  and  the  sides,  which  are  in 
contact  with  the  basals,  are  slightly  outward  curving,  whilst  the  adoral  sides  are  slightly 
concave.  The  adoral  edge  is  concave,  and  has  a  centrally  downward  projecting  and 
more  or  less  sharp  granule,  which  is  continued  on  to  the  upper  surface  of  the  plate  as 
a  part  of  the  ornamentation,  and  also  downwards  and  inwards  so  as  to  separate  the 
optic  tract  into  two  parts.  Hence  there  is  no  pore  on  the  surface  of  the  radial  plate, 
but  there  are  two,  one  on  each  side  of  the  inwardly  projecting  process  at  its  adoral 
edge,  and  they  are  more  or  less  hidden.  The  outer  angles  of  the  radial  plates  corre- 
spond with  the  position  of  the  second  pair  of  ambulacral  pores.  In  some  radial  plates 
there  is  a  double  curve  at  the  adoral  edge,  and  then  the  process  occupies  the  inter- 
mediate projection.    The  radial  plates  never  enter  the  anal  ring. 

The  apical  plates  are  thick  and  closely  sutured,  and  it  may  be  noticed  in  some 
specimens  that  there  is  a  furrow  over  each  suture  which  is  crossed  or  not  by  the  ridges 
and  furrows  of  the  ornamentation.  The  ornamentation  of  the  apical  system  is  of  large 
granules,  some  solitary  and  bluntly  conical,  others  in  series,  and  most  more  or  less 
united  to  form  ridges  with  intermediate  furrows.  The  ornamentation  radiates  laterally 
from  a  greater  or  less  tubercle  of  the  third  order,  which  is  on  each  basal  plate  between 
the  genital  pore  and  the  granular  rim  of  the  plate.  There  is  often  a  little  group  of 
granules  at  this  spot  and  it  forms  a  centre  of  radiation.  Several  ridges  and  inter- 
mediate grooves  pass  outwards  and  slightly  adorally,  cross  the  basal  plate  to  its  outer 
edge,  and  become  continuous  with  a  series  of  ridges  and  grooves  which  are  upon  the 
contiguous  radial  plate.  Usually  there  is  little  or  no  ornamentation  on  the  basals 
adorally  to  the  pore ;  but  there  are  exceptions  to  this,  and  there  may  be  a  row  of  small 
miliaries  close  to  the  edges  of  the  plate.  The  ornamentation  of  a  fully  developed  basal 
plate  consists  of  the  row  of  nearly  separate  granules  close  to  the  anal  edge,  a  few  small 
granules  a  little  adorally  to  these,  a  tubercle  of  the  third  order,  and  lines  of  ridges  and 
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grooves  passing  from  these  outwards  and  slightly  downwards,  to  cross  the  sutures  of 
the  radial  plates  on  either  side.  Then  comes  the  pore,  with  or  without  a  raised  rim, 
and  there  may  be  granules  adorally  to  the  pore. 

The  ornamentation  of  the  radial  plates  is  mainly  continuous  with  that  of  the 
basals  on  either  side.  On  a  fully  developed  radial  there  is  a  central  discontinuous  ridge, 
broken  up  here  and  there  into  elongate  and  conical  granules,  ending  adorally  in  the 
projection  already  noticed  as  having  a  relation  to  the  optic  pores.  On  either  side  ol  this 
vertical  ridge  and  granule-tract  are  two  or  even  three  ridges  and  grooves,  placed 
obliquely,  and  corresponding  with  the  ba*al  structures.  Usually  a  ridge  is  near  the  side 
of  the  radial  plate,  and  it  may  have  no  relation  to  a  basal  one. 

The  ambulacra  are  well  developed,  are  tumid,  and  project  more  than  the  interradia 
above  the  ambitus,  have  a  few  small  primary  tubercles  abactinally  reaching  up  to  the 
radial  plate,  and  carry  very  large  primaries  at  the  ambitus  and  just  below.  Petaloid 
above,  the  ambulacra  are  rather  broad  at  the  peristome,  and  nearly  as  much  so  as  the 
interradia ;  moreover,  the  peristomial  margin  has  a  rather  deep  concavity  between  the 
last  pair  of  tubercles ;  and  there  are  slight  cuts  on  either  side  of  the  ambulacra,  which 
are  deeper  than  the  concavity  just  mentioned,  and  a  part  of  a  cut  aud  of  the  tug  that 
passes  up  from  it,  externally  to  the  jmres,  belongs  to  an  ambulacrum. 

On  the  abactinal  surface,  at  the  level  of  the  third  and  of  the  fourth  interradial 
plate,  the  ambulacra  are  slightly  narrower  than  the  interradia;  at  the  ambitus  the 
difference  is  less,  especially  in  full-grown  specimens. 

The  poriferous  zones  are  broad  and  nearly  straight  down  to  the  first  large 
tubercle,  and  then  they  become  exceedingly  irregular  and  form  a  series  of  arcs 
with  the  concavity  towards  the  tubercles;  but  near  the  peristome  there  is  a 
disposition  to  form  oblique  series.  There  are  no  extra  plates  near  the  peristome, 
and  throughout  the  zones  there  is  an  arrangement  in  triplets,  except  close  to  the 
radial  plate. 

The  plates  of  the  ambulacra,  in  their  poriferous  parts,  are  large  and  broad ;  they 
are  of  nearly  equal  height  near  the  radial  end,  and  increase  in  height  to  the  ambitus. 
There  is  a  still  greater  increase  in  height  in  the  plates  of  the  triplets  of  the  great 
tubercles,  and  a  gradual  diminution  of  those  below  the  last  greirt  tubercle  down  to  the 
peristome,  where  the  plates  are  very  low. 

The  pairs  of  pores  are  large  after  the  second  pair;  they  are  wide  apart  vertically, 
and  there  is  an  obliquity  in  their  direction,  even  very  high  up  in  the  ambulacrum,  and 
this  becomes  decided  at  the  ambitus.  The  pores  arc  usually  large  and  wide  apart ;  but 
they  are  smaller  and  closer  near  the  peristome,  where  the  aboral  pore  of  each  pair  is 
placed  much  higher  in  the  plate  and  only  a  little  to  the  outside  of  the  adoral  pore, 
which  occupies  the  usual  position  at  the  lower  suture  of  each  plate.  There  is  a  rapid 
diminution  in  the  size  of  the  plates  and  of  the  size  of  the  pores  near  the  peristome ; 
but  the  plates  are  broad  there,  extend  into  the  tag,  and  the  pores  are  remote  from  the 
outer  or  interradial  suture. 

The  interporiferous  area  is  narrow  near  the  apex,  increases  gradually  to  the  part 
of  the  tumid  circumference  whore  the  diameter  of  the  test  is  the  greatest,  and  then 
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gradually  diminishes,  but  not  to  a  point ;  for,  as  has  been  noticed,  there  is  a  rather 
broad  peristomial  termination. 

Tile  area  is  crowded  with  great  tubercles,  which  begin  just  above  the  ambitus  and 
reach  below  it.  Above  there  are  a  few  smaller  yet  well-developed  tubercles,  and 
actinally  they  diminish  to  the  peristome,  where  the  crowding  is  greater  than  it  is 
above  Still  smaller  primary  tubercles  occur  at  regular  intervals  close  up  to  the  radial 
end,  and  the  first  great  primary,  smaller,  however,  than  the  next  in  succession  towards 
the  ambitus,  is  clearly  higher  up  on  the  test  than  the  highest  great  tubercle  of  the 
interradia. 

In  full-grown  individuals  there  are  at  least  eighteen  fully-developed  tubercles,  and 
about  four  or  five  which  are  small  and  imperfect  in  their  arrangement  of  the  triplets. 
Eight  of  the  perfect  tubercles  are  very  large  and  the  rest  decrease  in  size  to  the  peri- 
stome, but  they  are  unlike  the  apically  situated  small  tubercles  in  shape  and  pore 
arrangement.  In  all  the  mamelon  is  small,  has  a  constricted  neck  Burrounded  by  a 
shallow  groove,  and  a  large  conical  inward  and  upward  sloping  boss,  which  has  a  wide 
flat  base,  which  may  extend  quite  to  the  edge  of  the  plate,  or  leave  a  narrow  space  there 
at  the  median  line  of  the  zone  for  a  single  row  of  small  granules.  This  row  of  granules 
may  extend  on  to  the  line  of  suture  between  the  successive  plates  on  either  side  of  the 
median  line. 

The  perfect  primary  tubercles  consist,  as  is  usual  in  the  genus,  of  a  large  primary 
plate  which  carries  the  mamelon  and  the  greater  part  of  the  boss  and  all  of  it  near  the 
median  line  of  the  area  ;  and  of  two  demi-plates,  one  placed  abactinally,  and  the  other 
actinally  in  relation  to  the  central  primary  of  the  compound  plate. 

These  demi-plates  form  the  aboral  and  the  adoral  flanks  of  the  boss  of  the 
tubercle,  but  do  not  enter  into  the  composition  of  the  mamelon.  Neither  do  the 
sutures  of  these  demi-plates  come  in  contact  in  any  way.  As  is  usual  in  the  genus,  the 
suture  or  edge  of  the  aboral  demi-plate,  which  is  iudented  by  the  iuner  pore  of  the 
pair,  passes  inwards  up  the  side  of  the  boss  to  reach  the  groove  at  the  abactinal  edge  of 
the  neck  of  the  mamelon,  and  it  then  passes  either  directly  abactinally,  or  abactinally 
and  slightly  externally  (Plate  XXXI X,  Fig.  12,  Nari  Series).  In  the  first  case  the 
suture  will  end  by  joining  the  adoral  sutural  line  of  the  plate  immediately  higher  in 
the  test,  and  in  the  other  the  suture  will  pass  so  as  to  reach  the  adoral  pore  of  the 
higher  plate.  The  adoral  demi-plate  is  of  the  same  shape  as  the  other  demi-plate.  Its 
aboral  suture  is  of  course  in  contact  with  the  adoral  edj;e  of  the  poriferous  part  of  the 
central  or  primary  plate  of  the  triplet,  and  after  being  in  relation  with  the  adoral  pore 
of  the  primary,  its  line  of  suture  passes  up  the  boss  to  the  groove  at  the  edge  of  the 
neck  of  the  mamelon  and  then  turns  either  directly  actinally,  or  actinally  and  slightly 
externally,  so  as  to  reach  the  line  of  suture  between  the  consecutive  great  tubercle- 
bearing  plates,  or  to  reach  its  own  adoral  pore. 

The  shape  of  the  central  plate  of  the  triple  combination  is  very  remarkable.  The 
poriferous  part,  situated  between  the  poriferous  parts  of  the  demi-plates  above  and 
below,  extends  from  the  interradial  edge  inwards  and  includes  the  space  as  far  as  the 
edge  of  the  tubercle.   The  rest  of  the  plate  comprises  the  portion  of  the  tubercle 
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bounded  above  and  below  by  the  sutures  of  the  demi-plates,  and  further,  towards  the 
median  line  of  the  ambulacrum,  it  formB  the  whole  of  the  rest  of  the  tubercle  and  the 
granular  edges. 

The  size  of  the  poriferous  part  varies  according  to  the  position  of  the  edge  of  the 
tubercle,  and  frequently  the  adoral  pore  comes  in  contact  with  and  even  indents  it.  Then 
the  size  of  the  poriferous  part  is  small.  The  other  part  occupies  the  inner  half  of  the 
compound  plate,  and  therefore  the  greater  part  of  the  tubercle,  all  the  mamelon,  and 
the  greater  part  of  the  groove  around  it.  A  line  drawn  vertically,  over  the  top  of  the 
mamelon  and  reaching  from  the  aboral  to  the  adoral  suture  of  one  of  these  tubercle- 
bearing  plates,  will  nearly  bound  the  inner  expansion  of  the  central  or  primary  plate, 
all  between  the  line  and  the  inner  sutures  of  the  plate  belonging  to  it.  So  that  the 
large  central  primary  plate  of  the  triple  combination,  or  compound  plate,  consists  of  a 
narrow  outer  part  placed  between  the  demi-plates,  and  of  a  large  inner  expansion  which 
extends  over  the  inner  half  and  more  of  the  great  tubercle. 

Near  the  peristome,  where  the  height  of  the  triple  combinations  diminishes,  the 
aboral  and  the  adoral  demi-plates  are  more  rectangular  in  shape,  and  the  inner  line  of 
suture  of  both  of  them  is  nearly  vertical  in  its  direction.  In  this  region  the  central  or 
primary  plate  of  each  combination  is  small,  although  it  bears  the  bulk  of  the  boss  and 
all  the  mamelon.  Whilst  in  all  parts  of  the  ambulacrum  remote  from  the  peristome, 
the  plates  are  perforated  by  the  aboral  pore  of  the  pair  close  to  their  outer  or  interradial 
edge,  near  the  peristome  the  perforation  is  remote  and  nearer  the  median  line,  the  outer 
edge  of  the  plate  forming  a  part  of  the  M  tag." 

There  is  some  slight  obliquity  of  the  direction  of  the  pores  of  each  pair  in  relation 
to  the  first  large  tubercle-bearing  plate,  and  the  aboral  pores  are  at  a  slightly  higher 
(abactinal)  level  than  the  adoral.  This  obliquity  is  more  distinct  at  the  second  tubercle, 
and  its  lower  pair  of  pores  are  often  decidedly  on  a  slant,  the  aboral  pore  being  higher 
up  the  test  than  the  adoral. 

The  obliquity  increHses  in  every  pair  of  pores  towards  the  peristome,  and  close  to 
the  margin  the  aboral  pore  is  nearly  vertical  to  the  other,  but  a  little  on  one  side  of  the 
vertical  line. 

There  is  some  variation  in  the  amount  of  the  obliquity  of  the  pore*  near  the 
peristome,  but  it  is  always  decided.  Moreover  there  is  an  interesting  alteration  in 
the  relative  position  of  these  peristomial  pores,  for  instead  of  being  close  to  the 
base  of  the  tubercle,  as  in  the  large  tubercles,  they  are  decidedly  removed  from  it, 
and  the  adoral  pore  does  not  touch  the  tubercle. 

Again,  the  aboral  pores  of  the  large  tubercular  plates  are  close  to  the  edge  of  the 
poriferous  plate,  but  as  the  tubercles  diminish  in  size  towards  the  peristome,  the  aboral 
pore  gets  further  away  from  the  interradial  edge,  so  that  there  is  some  extent  of  plate 
between  it  and  the  edge. 

This  closing  in  of  the  pores  upon  a  contracting  tubercle  is  accompanied  by  an 
alteration  in  the  shape  of  the  demi-plates  of  each  triple  combination.  The  demi-plate 
above,  and  also  that  below  the  tubercle-bearing  one,  become  nearly  rectangular  in 
shape,  the  angle  of  the  sutures  (inner)  is  nearly  or  quite  a  right  angle,  the  direction  of 
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the  inner  sutures  is  nearly  vertiral,  and  the  upper  and  lower  margins  of  the  demi- 
plates  are  nearly  horizontal,  instead  of  converging  more  or  less.  The  plates  become 
small  as  they  approach  the  margin  of  the  peristome,  are  slightly  inverted,  and  the 
last  is  a  small  demi-plate  the  adoral  pore  of  which  is  incomplete  and  opens  at  the 
peristome. 

The  outer  part  of  the  smaller  poriferous  plates  near  the  peristome  extends  suffi- 
ciently to  form  part  of  the  surface  of  the  prolongation  of  the  small  branchial  cut  which 
may  be  termed  a  "  tag."  The  termination  of  the  ambulacra  at  the  peristome  is  slightly 
incurved  nnd  reaches  slightly  nearer  the  centre  of  the  actinal  space  than  the  ends  of 
the  interradia,  which  are  straight  and  narrow.  There  is  a  concave  edge  to  the  inter- 
poriferous  area  at  the  peristome,  and  immediately  a  little  transverse  projection  of  the 
test  is  passed,  townrds  the  ambitus,  there  appears  a  large  central  pit,  and  it  is  evidently 
on  the  median  suture  between  two  tubercle-bearing  plates.  In  well-preserved  speci- 
mens of  C.  Forbesi  the  pit  is  as  large  as  the  mamelon  of  the  tubercles  close  by,  and 
whilst  the  base  of  the  pit,  or  rather  its  actinal  edge,  is  transverse  and  straight,  the 
upper  or  aboral  edge  is  arched.  There  are  usually  five  similar  pits  in  each  ambu- 
lacrum and  they  are  large,  shallow,  arched  when  well  preserved,  and  they  are  placed 
at  the  junctions  of  the  median  with  the  lateral  suture. 

The  arrangement  of  the  plates  of  the  ambulacra  is  readily  perceived  at  the  ambitus, 
but  it  becomes  complicated  near  the  radial  end,  where  there  is  considerable  variation 
in  the  succession  of  small  primaries,  demi-plates,  low  primaries,  and  an  occasional  large 
primary.  The  arrangement  of  the  plates,  in  this  part,  foreshadows  and  finally  merges 
into  the  triple  compound  arrangement  seen  at  the  ambitus. 

In  a  well-preserved  specimen  of  nearly  adult  size,  the  following  succession  of  plates 
will  be  found  in  ambulacrum  III. : — 

Taking  zone  "a"  and  noticing  the  nature  of  the  plates  from  the  radial  plate 
actinally,  it  is  found  (Fig.  7,  Fl.  XLVI)  that  there  is  the  following  succession  : 

Plates  1,  2,  3,  4  are  small  low  primaries  gradually  increasing  in  size.  Plate  4, 
a  primary,  is  pushed  as  it  were  aborally  by  the  aboral  expansion  of  plate  7,  and  just 
escapes  being  a  demi-plate,  for  it  only  touches  the  median  line  by  a  narrow  point.  Plate 
6  is  a  demi-plate,  separated  from  the  median  line  by  the  large  tubercle-bearing 
primary  plate  7,  and  it  forms  the  shoulder  of  the  tubercle  and  is  very  small.  Plate  7, 
a  tubercle-bearing  primary.  Plate  8  is  a  low  primary,  and  so  is  plate  9.  Plate  10  is  a 
primary  which,  were  there  a  greater  expansion  of  the  tubercle-bearing  plate  12,  would, 
like  its  successor  11,  become  a  demi-plate.  Plate  11  is  a  small  demi,  forming  the  aboral 
demi-plate  of  a  triple  combination  plate  made  up  of  plates  11,  12,  and  13.  Plate  12 
is  the  tubercle-bearing  primary,  and  13  is  a  large  demi-plate.  After  this  there  comes 
the  normal  compound  plate  of  the  ambitus. 

In  zone  "  I "  the  three  plates  nearest  the  radial  plate  are  small  primaries  ;  the  plate 
4  is  crowded  out  from  the  median  line  by  the  abactinal  expansion  of  a  small  tubercle- 
bearing  primary  5,  and  thus  plate  4  becomes  a  demi-plate  and  is  combined  with  plate  5. 
Plate  6  is  a  primary  with  a  small  angular  interporiferous  part  in  consequence  of 
the  downward  extension  of  plate  5  occupying  much  space.    This  angular  primary  is 
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almost  a  dcmi-plate.  Plate  7  is  a  low  primary  with  granules.  Plate  8  is  a  primary  with 
on  nngular  interporiferous  part :  for  the  expansion  of  plate  10  extends  abactinally  so 
as  to  crowd  out  almost  the  whole  of  plate  8  and  the  whole  of  plate  9,  which  is  a  demi- 
plate.  Plate  10  is  a  large  tubercle-bearing  plate  with  an  abactinal  and  actinal  expansion. 
The  dcmi-plate  9  forms  the  shoulder  of  the  tubercle  of  plate  10.  More  abactinally  there 
is  a  low  primary,  and  then  the  normal  succession  occurs  at  the  ambitus  of  the  demi  and 
primary  plates  in  triplet  combination. 

As  in  all  species  of  C<elopleurus  the  edges  of  the  large  tubercles,  at  and  below  the 
ambitus,  are  indented  by  the  adoral  pore  of  each  pair,  and  the  line  of  the  sutures  on 
the  boss  of  the  tubercles  is  indicated  either  by  a  depression  or  by  a  slit. 

Finally  in  very  well-preserved  specimens,  the  poriferous  part  of  the  plates  has  a 
very  well-developed  arched  ridge-like  costa  situate  between  the  pairs,  and  it  may  carry 
a  granule  and  terminate  in  one. 

The  succession  of  primary  and  demi-platcs  noticed  in  the  lost  pages,  although 
affording  a  good  example,  is  not  invariable.  The  following  analyses  of  several  ambu- 
lacral  areas  is  given  with  the  intention  of  showing  that  although  the  succession  of  the 
plates  near  where  there  are  largo  tubercles  is  arranged  and  combined  in  a  geometrical 
plate — a  dcmi-plate,  a  large  primary  with  the  mamelon,  and  lastly  a  demi-plate — still 
this  arrangement  is  not  seen  near  the  top  of  the  ambulacrum.  It  commences,  however, 
in  every  ambulacrum  not  very  far  down,  but  the  distance  relates  to  the  age  of  the  test 
and  in  the  apparently  introductory  manner  suggested  in  the  long  description  already 
given.  In  that  description  the  small  higher  and  last  formed  plates  were  not  considered, 
but  they  enter  into  the  following  descriptions. 

Ambulacra  of  a  rather  large  specimen  of  Calopleurtw  Forbesi,  d'Archiac,  the  amb. 
No.  III.  being  examined  :— 

Zone  "a,"  pi.  1,  2,  3,  4,  5rfTo\  7,  lH~n,  12. 

Zone  "  6,"  pi.  1,  2,  S,  4, 6,  6,  7,7rf7ix?10,  U,  12d,  13d,  xiv,  15<i,  \6d,  xvii,  16d. 

The  plates  marked  "  d  "  are  demi-plates,  and  the  others  arc  primary  plates ;  those 
with  ronian  numerals  are  large  tubercle-bearing  plates.  It  will  be  observed  that  the 
first  plates  are  all  primaries  ;  they  are  small,  but  each  reaches  the  median  line  of  the 
ambulacrum. 

The  first  little  tubercle-bearing  plate  is  4  on  zone  "  b,"  and  it  has  small  primary 
plates  above  and  below.  The  next  is  on  the  zone  "  a  "  on  plate  G ;  but  this  tubercle  is 
larger  than  that  of  the  higher  plate  "  b  "  4,  and  the  result  is  that  the  preceding  plate 
on  zone  "  a,"  or  no.  6,  is  a  demi-plate. 

The  third  tubercle-bearing  plate  is  on  zone  "  b  "  no.  ix,  and  it  is  the  first  of  rather 
conspicuous  dimensions.  The  fourth  tubercle-bearing  plate  is  xi  of  zone  "  a,"  and  it 
is  fairly  large.  It  is  preceded  by  a  demi-plate  no.  10  ;  but  the  next  plate  is  not  a  demi, 
so  that  the  perfect  triple  combination  does  not  occur  so  high  up.  The  fifth  large 
tubercle-bearing  plate  is  really  of  considerable  size  and  is  no.  xiv  on  zone  "  b," 
and  it  is  preceded  and  followed  by  a  demi-plate,  so  that  the  triple  combination  is 
complete. 
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In  another  specimen  the  following  is  the  order  of  the  succession  of  the  plates  : — 

Zone  «'  a,"  1,  2,  3,  4d,  5,  6,  7,  8rf,  9,  ^Ud. 

Zone  "  4,"  li  2,  3,  4,  5,  6,  Id,  8,  9,  10,  lid,  12d,  xiii,  14rf. 

The  last-noticed  three  plates  of  zone  "  b  "  form  the  first  triple  combination. 

Small  tubercles  arc  on  " a"  5  and  on  " b,"  8  and  10. 

The  interradia  are  very  slightly  broader  than  the  ambulacra,  and  are  depressed 
and  even  slightly  caved  in  above  the  ambitus,  but  at  the  ambitus  and  below  to  the 
pcristomial  margin  there  is  hardly  any  difference  between  the  circumferential  dimen- 
sions of  the  two  areas.  The  plates  are  high  except  at  the  peristome,  and  are  nearly 
square,  or  rather  arc  nearly  as  broad  as  high  when  they  carry  the  largest  tubercles  ; 
but  all  the  plates  are  remarkable  for  the  obliquity  of  the  direction  of  their  aboral  and 
adoral  sutures  near  the  poriferous  zones  of  the  neighbouring  ambulacra.  Near  the 
peristome  the  whole  plate  is  oblique  and  slants  down  from  the  median  line  of  the 
interradium.  This  general  obliquity  is  in  relation,  above  the  ambitus,  with  the 
obliquity  of  the  pores,  and  it  also  relates  to  the  special  ornamentation  of  the  outer 
part  of  every  coronal  plate  above  the  ambitus,  and  to  the  position  of  the  characteristic 
row  of  well-developed  secondaries  lower  down. 

The  outer  part  of  each  coronal  plate,  for  about  one  third  of  its  breadth,  is  orna- 
mented with  small  secondaries,  large  and  small  rounded  granules,  and  with  irregular- 
shaped  narrow  ridges  and  furrows. 

The  second  large  plate  from  the  apex  has  a  small  secondary  on  the  oblique  part 
close  to  the  adoral  outer  angle  ;  plates  3  and  4  have  each  two  of  these  tubercles  and  in 
the  same  relative  position. 

Plate  5  has  three  small  secondaries  on  its  extremely  oblique  adoral  and  outer  part, 
and  the  next  plate  has  four.  There  may  be  a  repetition  of  the  four  tubercles  on  the 
plate  below,  and  they  slope  round  the  flank  of  the  tubercle  more  or  less  vertically  at 
last,  and  this  appearance  is  intensified  by  the  occurrence  of  a  secondary  on  the  outer 
and  upper  part  of  the  plate  below.  Near  the  peristome  the  number  of  these  side 
tubercles  diminishes  from  three  to  two,  and  then,  before  the  plates  become  very  small, 
to  one. 

These  details  are  usually  very  constant,  and  in  full-grown  specimens  the  rows  of 
small  secondaries  close  to  the  large  tubercles  are  very  striking. 

There  is  great  diversity  in  the  arrangement  of  the  granules  and  ridges,  however. 
There  are  often  rows  of  large  granules  placed  between  the  small  primaries,  and  inter- 
vening are  rows  of  small  granules.  The  direction  of  the  rows  is  often  the  same  as  that 
of  the  oblique  secondaries ;  but  the  granules  are  placed  higher  up  the  plates  than  the 
secondaries.  In  those  upper  plates  which  havo  not  tubercles  there  is  usually  a  bunch 
of  close  granules  halfway  up  the  outer  third,  and  elegant  ridges  and  furrows  radiate 
from  the  group  and  pass  over  the  breadth  of  the  plate  to  the  median  line,  and  then  on 
to  the  opposite  plate,  ornamenting  the  adoral  or  the  aboral  part  of  its  surface  as  the 
case  may  be.  A  zigzag  arrangement  is  thus  produced,  and  the  ridges  and  furrows  are 
long  and  very  variable  in  size.    Usually  the  outer  third  of  the  plates  above  the  ambitus 
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is  slightly  raised  above  the  general  level  of  the  interradiura,  and  there  is  often  a  raised 
discontinuous  ridge  bounding  the  outer  part  of  each  plate  up  to  the  apex.  This  ridge 
often  has  a  furrow  on  the  median  side  of  it.  The  granules  and  the  small  secondaries  are 
comprehended  in  a  slightly  raised  surface  near  the  poriferous  zones  and  external  to 
the  zigzag  ornamentation  of  the  rest  of  the  plates. 

Large  tubercles  commence  on  the  eighth  plate  from  the  apex  as  a  rule ;  but  there 
is  variation  on  the  same  test  in  this  respect.  There  arc  usually  six  decidedly  large 
primaries,  and  the  tubercles  become  gradually  smaller  and  smaller  to  where  they  are 
crowded  above  the  peristome. 

The  coronal  plates  just  above,  at,  and  below  the  ambitus,  are  not  only  well 
furnished  with  distinct  and  large  granules  around  the  edge  of  the  base  of  the  tubercles, 
especially  aborally,  adorally,  and  along  the  median  sutural  lines,  but  there  are  also  small 
and  well-developed  secondaries  in  the  median  line,  and  especially  at  the  junction  of  the 
other  sutures  with  it.  Above  the  first  large  tubercles  there  is,  in  well-preserved  speci- 
mens, a  very  considerable  granulation.  The  shape  and  size  of  the  primary  tubercles  is 
the  same  as  in  the  ambulacra. 

It  is  evident  that  this  species  can  be  distinguished  by  the  granulations  and  small 
secondaries  of  the  median  part  of  the  interradia,  by  the  numerous  small  secondaries  on 
the  oblique  part  of  the  coronal  plates,  by  the  almost  total  absence  of  tubercles  above 
the  zone  of  greatest  width,  by  the  continuance  of  small  tubercles  to  the  top  of  the 
ambulacra,  and  by  the  tumid  and  large  test. 

Dimensions.  Height  of  large  specimen  21  millim. ;  breadth  38  millim. 

Jjocalities.  Gaj  or  Miocene  of  Sind :  Pir  Giiji,  \V.  of  Sehwan  ;  Tandra  Kahim 
Khan,  W.  of  Sehwan ;  Gandack  Hill  ;  hill-scarp  five  miles  N.  of  Slnih  Rhiii,  on  the 
Naig  Nai,  S.W.  of  Jangara,  Naig  Nai  valley;  Mendiari,  35  miles  N.  of  Karachi. 
Suneynumbers  G        0  V»ft.  Q  %*>  G  3Aa>  G  W.  G  W. 

Illustrations  of  t he  Species  in  Plate  XLV1. 
Fig.  1.  The  test,  side  view. 

2.  A  test  more  tumid  than  the  other. 

7.  The  aboral  part  of  an  ambulacrum :  magnified. 

9.  Peristomial  part  of  ambulacrum  :  magnified. 

The  drawings  of  the  great  tubercles  of  Ceelopleurus  Pratti,  d'Archiac,  on  Plate 
XXXIX,  Figs.  7  and  12  (Xari  Series),  are  also  exact  representations  of  the  worn  and 
weathered  specimens  of  Ctrtopleurus  Forbesi,  d'Archiac. 

Coslopleurus  Forbesi,  d'Archiac  &  Uaime.    Premature  form. 

A  young  form  (Plate  XLVI,  Fig.  4)  is  11  5  millim.  in  breadth  and  6  millim.  in 
height.  The  test  is  tumid  at  the  ambitus,  slightly  conical  above,  rather  pentagonal  in 
outline  when  seen  from  above,  and  rather  incurved  actinally,  where  the  peristome  iB 
moderately  large. 
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The  ambulacra  project  more  than  the  interradia,  the  primary  tubercles  of  which 
are  the  smallest  at  the  ambitus.  The  median  interradial  areas,  above  the  ambitus,  are 
sunken  below  the  level  of  a  raised  line  or  ridge,  composed  of  a  linear  series  of  small 
secondaries  and  granules  which  occupies  nearly  the  outer  third  of  each  coronal  plate. 
The  plates  of  this  part  of  the  test  are  higher  than  broad,  and  are  indistinctly  orna- 
mented with  a  small  secondary  tubercle,  or  there  may  be  two  or  more  of  such  tubercles, 
forming  a  linear  series.  Sometimes  a  small  pit  is  seen  in  the  position  of  a  tubercle. 
The  sutural  lines  between  the  tubercle-bearing  plates  are  very  distinct,  slightly  excavated, 
and  there  is  a  remarkable  denticular  interlocking  of  the  edges  of  the  opposed  plates. 
The  direction  of  the  upper  interradial  plates  is  transverse.  Including  the  small  new 
plates  in  contact  with  the  basal  plates,  the  first  primary  tubercles  are  on  the  fifth  inter- 
radial plates  from  the  disk.  One  of  these  tubercles  is  larger  than  the  other,  and  both 
are  of  the  usual  shape  of  the  tubercles  of  the  genus.  The  plates  are,  however,  not 
with  sutures  that  are  uniformly  transverse  in  direction,  for  their  outer  and  adoral  angle 
is  directed  slightly  adorally,  towards  the  poriferous  zone,  close  by ;  moreover  this  part 
of  the  plate  carries  at  leaBt  two  small  secondaries. 

There  are  a  few  granules  upon  the  aboral  edges  of  these  plates.  The  dimensions 
of  the  primary  plates  diminish  rapidly  towards  the  peristome,  and  they  become  crowded 
there  and  the  interradium  becomes  narrower.  There  are  at  least  four  large  tubercles, 
and  the  couple  next  to  the  highest  are  the  largest,  namely  those  of  the  sixth  interradial 
plates. 

The  ambulacra  are  well  developed,  and  the  size  of  the  tubercles  at  and  above  the 
ambitus  is  considerable.  The  pairs  of  pores  are  in  arcs  at  the  edges  of  the  great 
tubercles,  and  the  sutures  are  in  the  same  direction  as  in  the  adult  specimens.  But 
the  number  of  small  plates  in  the  interporiferous  area  towards  the  radial  end  is  small, 
and  the  development  of  the  triplets  occurs  high  up.  The  pairs  of  pores  are  large  and 
by  no  means  close,  there  being  two  pairs  in  relation  to  the  first  interradial  plate  and 
three  to  the  second;  moreover  the  direction  of  the  pores  is  decidedly  oblique,  and  from 
the  interporiferous  area  outwards  and  upwards.  In  each  poriferous  plate  there  is  a 
broad  rather  high  process,  which  separates  the  pores  from  the  aboral  edge,  or  the  line 
of  suture  that  limits  the  plate  from  that  immediately  above.  There  is  a  gradual  increase 
in  size  of  the  pairs  until  the  seventh,  when  the  triplet  arrangement  becomes  evident, 
the  pairs  wider  apart,  and  the  pores  larger.  The  following  is  the  disposition  of  the 
plates  in  one  of  the  ambulacra : — 


No.  III.  Zone  "  a  "—Plate  1,  small  primary. 

2,  small  primary. 

3,  small  demi. 

4,  large  primary. 

5,  small  demi. 

6,  small  demi. 

7,  large  primary. 

8,  small  demi. 


Zone  "4  " — 1,  small  primary. 

2,  small  „ 

3,  small  „ 

4,  small  „ 

6,  small  „ 
G,  large  „ 

7,  small  demi. 

8,  small  demi. 
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No.  III.  Zone  "a  "—Plate  9,  small  demi. 

10,  large  primary. 

11,  small  demi. 


Zone  "  b  " — 9,  large  primary. 
10,  small  demi. 


In  the  zone  "  a  "  the  tubercle-bearing  plates  are  Nos.  4  and  7,  whilst  those  of  the 
other  zone  are  Nos.  0  and  9.  After  the  triplets  on  zone  "  a  "  formed  by  Nos.  6,  7,  8, 
comes  a  very  large  tubercle-bearing  plate  composed  of  plates  9  a  demi,  10  a  very  large 
plate,  and  11a  demi. 

In  the  zone  "  b  "  the  tubercle-bearing  plates  are  Nos.  0  and  9  and  the  triplets  are 
Nos.  5,  6,  7,  and  8,  9,  10.  The  sutures  between  the  great  tubercle-bearing  plates  of 
the  ambulacra  are  very  distinct,  in  sunken  grooves.  At  the  mediun  line,  where  the 
sutures  intersect,  there  is  sometimes  a  pit  even  close  to  the  ambitus.  Nearer  the 
actinostome  the  usual  development  of  the  large  pit  at  each  angle  of  the  plates 
along  the  median  line  is  seen,  and  there  is  no  doubt  that  the  shape  of  the  pit  is  that 
of  a  broad  archway  with  a  flat  floor.  The  pits  are  large  for  the  size  of  the  test.  Two 
are  close  together  just  at  the  edge  of  the  peristome ;  these  are  the  largest,  and  they  are 
so  well  preserved  that  the  little  process  for  the  sphieridium  is  visible.  In  parts  the 
denticulate  sutural  edge  of  the  ambulacral  plates  is  quite  visible  under  a  low  power. 
The  pairs  of  pores  are  in  simple  triplets  to  the  peristome  and  there  arc  no  additional 
pores  in  the  arcs. 

The  apical  ring  is  well  developed,  and  the  orifice  is  subcircular  and  large,  and  the 
whole  of  the  combination  of  plates  is  somewhat  raised  bcyoad  the  rest  of  the  test. 
The  basal  plates  are  large  and  subequal,  with  the  outer  angle  rather  blunt  and 
projecting  well  into  the  interradial  area.  The  ovarial  pores  are  large,  and  placed  at 
about  the  outer  third,  and  there  appear  to  be  the  remains  of  a  small  tubercle 
between  each  one  and  the  periproct.  The  radial  plates  are  large,  well  separated  from 
the  periproct  by  the  junction  of  the  basals,  and  the  adoral  edge  is  concave  and  has  the 
relics  of  a  small  central  downward-projecting  process.  There  is  no  perforation  for  the 
optic  nerve,  and  this  evidently  came  out  beneath  and  below  the  concave  adoral  margin, 
and  was  separated  into  two  by  the  process  just  noticed.  Unfortunately  the  ornamen- 
tation of  the  radials  has  been  worn  off ;  but  this  erosion  has  exposed  the  interesting 
denticulate  dovetailing  of  the  plates  at  their  lines  of  sutures.  The  denticulation  is 
visible  between  the  basals  and  the  radials  and  also  between  these  and  the  first  plates  of 
the  interradia. 

This  small  specimen  came  from  the  Gaj  group ;  but  the  locality  is  not  stated. 


Numerous  specimens  of  a  Calopleurus  which,  although  clearly  allied  to  Ccelopleurus 
Forbesi,  are  not  of  the  same  species,  are  found  in  the  Gdj  deposits.  The  specimens  did 
not  come  from  the  same  localities  as  Calopleurus  Forbesi,  but  we  are  not  informed 
about  there  being  any  difference  in  the  geological  horizons  of  the  two  sets  of  forms. 


Illustrations  of  the  Form  on  Plate  XLVI. 
Fig.  4.  The  test:  natural  size. 
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2.  CfflLOFLEBRUB  Si.vDExais,  Duncan  &  Sladen.    Plate  XLVI,  Figs.  3,  5,  6,  8,  &  10,  and 
Nate  XLVI1,  Figs.  1  &  2. 

The  full-grown  test  is  large,  depressed,  moderately  tumid,  and  not  high  at  the 
ambitus,  and  decidedly  conical  towards  the  apex.  The  peristome  is  small  and  at  a 
higher  level  than  the  resting  part  of  the  test,  the  cuts  arc  small  but  distinct,  and  the 
under  surface  is  rather  flat.  The  apical  disk  is  large  and  rather  prominent,  and  the  large 
pcriproct  is  oblique.  The  basal  plates  arc  large,  with  a  large  circular  or  elongate  pore 
with  or  without  a  raised  rim.  The  radials  are  also  large  and  imperforate,  there  being 
a  median  projection  on  the  surface  besides  the  ridges  and  furrows  seen  in  other  species. 

The  ambulacra  are  slightly  raised  above  the  level  of  the  interradia,  above  the 
ambitus,  and  are  characterized  by  the  large  and  somewhat  irregular  granulation  of  the 
interporiferous  areas,  and  by  the  absence  of  secondary  and  small  primary  tubercles.  It 
is  very  exceptional  to  see  a  small  secondary  in  this  part  of  the  ambulacra,  but  they  may 
occasionally  replace  the  normal  granules  on  the  larger  and  primary  plates.  The  large 
primaries  with  tubercles  commence  just  above  the  ambitus,  and  at  a  higher  level  than 
the  great  tubercles  of  the  interradia.  There  is  distinct  granulation  along  the  median 
line  of  the  ambulacrum  at  the  ambitus  and  below,  and  some  granulation  just  above  the 
pair  of  large  tubercles.  The  pairs  of  pores  are  large,  separated  by  some  surface  and 
by  a  raised,  arched,  granulate  costa. 

The  interradia,  slightly  depressed  between  the  ambulacra  above  the  ambitus,  are 
limited  there,  on  either  side,  by  a  raised  vertical  line  of  furrow,  ridges,  granules,  and 
small  secondary  tubercles,  and  these  last  become  more  numerous  towards  the  ambitus. 
This  lateral  granulation  is  comparatively  uniform,  and  may  resemble  the  ornamentation 
of  the  interporiferous  areas  close  by.  The  tubercles  at  the  ambitus  are  of  the 
same  size  as  those  of  the  ambulacra,  and  project  as  much,  so  that  the  circumference  is 
circular.  There  is  a  considerable  large  granulation  amongst  and  around  the  great 
tubercles  of  the  interradia,  and  there  are  small  secondaries  at  the  median  line  as  well 
as  near  the  poriferous  zone  close  by.  The  crowding  of  these  granules  just  abactinally 
to  the  aboral  large  tubercles  is  very  decided. 

The  ornamentation  of  the  disk  is  in  some  young  specimens  very  exaggerated. 

Dimension*.  Breadth  34  millim. ;  height  2U  millim.  Breadth  37  millim. ;  height 
22  millim.    A  half-grown  specimen :  breadth  20  millim. ;  height  16  millim. 


Isocality.  Gaj  or  Miocene  scries  of  Sind.  Tandra  Rahim  Khan,  west  of  Sehwan  ; 
Naig  Nai  valley,  three  miles  S.E.  of  Tdng.    Survey  numbers  G         G        G  ¥o'- 


Illustration*  of  the  Species  in  Plate  XLVI. 
Fig.  3.  The  test :  natural  size. 

5.  Another  test. 

6.  The  apical  disk :  magnified. 

10.  The  abactinal  part  of  an  ambulacrum  :  magnified. 

Illustrations  oft/ie  Species  in  Plate  XLVII. 

Fig.  1.  The  test,  from  above. 

2.  A  radial  plate:  magnified. 
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3.  CocIjOFleurus  Si.vdkssis,  Duncan  6c  Sladtn.    Plate  XLVI,  Fig.  6  (young  form). 

Description  of  a  young  form,  about  one  balf  of  the  size  of  the  matured  indi- 
vidual : — 

The  test  is  low,  nearly  flat  above,  where  there  is  a  very  slight  rise  from  the 
ambitus,  tumid  at  the  sides,  and  rounded  actinally  where  the  test  is  narrowed,  and  is 
concave,  with  a  reentering  surface.  The  greatest  width  is  above  the  ambitus  and 
where  the  slight  slope  begins  to  the  apex  from  the  sides.  From  that  zone  the  test 
slopes  very  gradually  at  first  to  the  narrowed  surface  on  which  it  rest*,  and  then  the 
surface  becomes  nearly  flat,  the  convexity  being  but  slight  towards  the  small  peristome. 
The  outline  of  the  test  is  nearly  circular  from  above,  and  there  is  no  projection  of  the 
ambulacra  at  the  upper  part  of  the  test,  and  indeed  the  only  elevation  there  is  the 
raised  series  of  structures  that  line  the  interradia  near  the  poriferous  zones.  The  flat 
ambulacral  surface  is  very  well  defined,  and  the  angle  made  by  the  poriferous  zones  is 
not  large.  The  general  absence  of  tubercles  of  any  considerable  size  above  the  position 
of  the  greatest  breadth  of  the  test  is  very  striking. 

The  apical  disk  is  very  developed,  and  the  star-like  form,  produced  by  the  long  basals 
which  trespass  upon  the  interradia  very  considerably,  is  well  marked.  The  orifice  for 
the  periproct  is  rather  large  and  circular,  and  there  is  no  prominent  ring-like  edge  to  it. 
Nevertheless  the  edge  of  the  periproct  is  high  and  the  basals  slope  gradually  but  decidedly 
to  their  adoral  ends.  The  madreporite  is  in  the  largest  and  the  perforated  portion  is 
restricted  to  a  space  aboral  to  the  ovarial  pore,  and  reaching  not  quite  to  the  anal  edge. 
Between  the  madreporite  perforation  and  the  periproct  the  surface  is  ornamented  with  a 
few  large  rounded  granules,  mixed  with  some  smaller,  and  all  are  close  and  irregularly 
placed,  except  towards  the  radial  plate  No.  III.  where  there  is  a  slight  linear  set  of 
granules  directed  outwards  and  adorally.  The  largest  of  the  granules  is  close  to  the  peri- 
proct, and  is  about  mid-distance  between  the  lateral  sutures  of  the  basal.  The  next  basal, 
No.  3,  has  the  same  kind  of  large  and  small  granules  as  the  other,  and  although  they 
are  wanting  at  the  angle  beyond  the  pore,  they  are  in  decided  oblique  rows  elsewhere, 
and  the  direction  of  the  close  granules  is  outwards  and  downwards,  so  as  to  put  the 
lines  of  the  ornamentation  in  continuity  with  that  of  the  radial  on  either  side.  There 
is  a  relic  of  a  large  granule  in  the  same  relative  position  as  in  the  madreporite.  There 
is  also  a  slanting  in  of  the  anal  edge  and  an  ornamentation  of  the  part  Basal  No.  4 
is  well  developed  in  the  specimen,  and  there  is  no  doubt  that  in  it,  as  well  as  in  the 
less  preserved  basals,  the  pore  is  placed  on  a  conical  elevation  about  one  third  of  the 
whole  distance  from  the  angle  to  the  periproct.  The  ornamentation  is  of  a  few  separate 
granules,  many  of  which  have  become  fused,  as  it  were,  and  arc  in  continuous  short 
oblique  lines  that  have  the  same  relative  direction  as  in  the  last-mentioned  basal. 
This  obliquity  is  seen  on  all  the  basals.  The  ornamentation  of  basal  No.  I  is  very 
profuse,  and  there  are  five  rows  of  oblique  sets  of  large  and  small  granules  on  one  side 
of  the  rather  tumid  plate ;  the  elongation  of  some  of  the  granules  is  very  distinct.  On 
the  other  side  the  ornamentation  is  less  in  amount,  but  is  quite  as  well  defined.  Nearly 
twenty  granules  may  be  counted  on  this  basal  between  the  pore  and  the  aual 
edge. 
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The  rail  mis  are  large,  and  extend  ad  orally  not  very  far  from  a  circle  which  might 
limit  the  angles  of  the  basals.  The  radials  arc  broader  than  high  and  are  pentagonal 
in  shape.  The  aboral  lateral  edges  are  slightly  curved,  with  the  convexity  in  contact 
with  the  concavity  of  the  basal  on  either  side.  The  adoral  and  lateral  sides  are  short 
and  inclined  downwards  and  inwards,  and  are  not  in  carves,  whilst  the  lower  or  adoral 
edge  is  broad  and  arched,  with  the  concavity  towards  the  ambulacrum.  This  adoral 
edge  is  marked  centrally  with  a  projection  that  reaches  a  little  adorally,  and  is  in  the 
median  line  of  the  commencing  ambulacrum.  This  projection  covers  the  position  of 
the  exit  of  the  optic  nerve,  as  is  usual  in  the  Calopleuri,  and  as  the  plate  is  not 
superficially  perforated  there  is  reason  to  believe  that  the  nerve  was  divided,  as  in 
the  recent  Arbacia,  according  to  Lov£n.  The  projection  is  continuous  with  a  ridge 
made  up  of  more  or  less  coalesced  small  granules,  which  divides  the  surface  of  the 
radial  from  the  apical  angle  of  it  downwards.  Several  more  or  less  distinct  ridges 
and  intermediate  grooves  pass  from  this  ridge  obliquely  outwards  and  apically,  and 
others  are  parallel  with  the  free  sides  of  the  plate,  and  reach  the  concave  adoral  edge. 
This  oblique  ornamentation  is  more  or  less  continuous  with  that  of  the  basal  plates 
in  direction.  There  are  usually  two  of  these  oblique  ridges  very  well  seen ;  but  there 
is  some  variation  on  different  plates  in  the  strength  of  the  ornamentation,  and  even  the 
central  ridge  may  be  absent.  The  adoral  third  at  least  of  the  free  edge  of  the  radial 
plate  is  in  relation  with  the  apical  end  of  the  ridge  of  granules  and  very  small  tubercles 
which  bounds  the  ambulacrum,  and  ornaments  the  outer  third  of  every  interradial  plate 
towards  the  apex. 

The  ambulacra  are  not  so  broad  as  the  interradia.  Above  the  area  of  the  great 
tubercles  the  interradia  are  only  very  slightly  depressed  below  the  level  of  the  ambu- 
lacra, and  these  are  very  slightly  tumid.  It  has  been  already  noticed  that  the  angle 
formed  by  the  poriferous  zones  at  the  radial  end  is  narrow,  and  in  fact  the  interpo- 
rifcrous  area  is  not  broader  than  the  poriferous  zone  at  the  level  of  the  eighth  pair  of 
pores.  In  ambulacrum  No.  III.  the  breadth  does  not  increase  decidedly  until  the 
tenth  or  eleventh  poriferous  plates,  and  they  are  the  first  of  triplets  on  which  a  large 
tubercle  is  placed.  The  breadth  is  greatest  where  the  tubercles  are  the  largest,  and  it 
diminishes  towards  the  peristome.  Here  the  breadth  is  nearly  equal  to  that  at  the 
tenth  pair  on  the  abactinal  surface,  and  the  margin  of  the  ambulacrum  is  a  double 
adoral  curve  between  the  small  and  broad  branchial  cuts.  This  part  projects  into  the 
peristomial  space  more  than  the  interradia,  and  there  is  a  concavity  at  the  median  line 
of  the  ambulacrum,  the  edge  of  which  is  separated  from  a  large  sphtEridium  pit  by  a  very 
slender  horizontal  process,  which  is  between  the  last  of  the  small  tubercles.  There  arc 
seven  large  tubercles  in  one  ambulacral  zone  and  eight  in  the  other,  and  of  these  three 
arc  very  large  and  projecting.  The  rest  are  smaller,  and  diminish  in  size  to  the 
peristome.  Hut  above  the  upper  large  tubercle  there  is  scarcely  any  development  of 
tubercle,  for  although  the  plates  are  arranged  as  in  the  species  in  which  there  are  wcll- 
developcd  tubercles  in  the  abactinal  part  of  the  ambulacrum,  the  tubercles  are  either 
ill  developed  or  are  rudimentary. 
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The  following  is  the  order  of  the  succession  of  the  plates  in  ambulacrum  III. 
Zone  "a" — 1,  small  primary.  Zone  "  b  " — 1,  small  primary. 


I 


2,  small 

»» 

f  *     o  m  nil    r\  ft  jv\  i 

j  m,  biu till  Ucnii. 

3,  small 

tt 

(3,  large  primary. 

4,  small 

»i 

1 4,  small  „ 

5,  small 

IF 

j  5,  large 

6,  large 

»» 

(6,  small  „ 

7,  large 

» 

7,  small  „ 

8,  small 

'1 

(  8,  small  „ 

9,  small  demi. 

\  9,  large 

Mil,  small  demi. 

10,  small 

»! 

11,  large  j 

irimary. 

pi,  small  „ 

12,  small  c 

lemi. 

<  12,  large  primary. 

IIS,  small  demi. 


Taking  row  "  a,"  the  small  tubercle-bearing  plates  arc  6  and  7,  and  the  first  large 
tubercle  is  composed,  really,  by  plates  10,  11,  and  12,  these  being  a  large  primary 
between  two  demi  plates. 

The  plates  6,  7,  and  8  are  very  instructingly  placed,  for  they  form  a  triplet  of 
three  primaries  without  any  demi  plates,  as  in  the  instance  of  the  combinations  of  two 
demi  plates  and  a  middle  primary  to  form  the  great  tubercles  lower  down.  It  is 
evident  that  the  crowding  and  resulting  pressure  produce  the  demi  plates,  and  that  the 
fusion  more  or  less  of  the  ornamentation  of  the  triplet  develops  the  great  tubercle. 
The  original  tubercle-bearing  plate,  although  enlarged  by  the  accession  of  the  demi 
plates,  retains  the  greater  part  of  the  boss  and  all  the  mamelon.  The  tubercles  of  the 
plates  marked  "  small "  are  little  more  than  large  granules,  and  hence  the  non-tuber- 
culate  nature  of  this  part  of  the  ambulacrum  of  the  species. 

On  zone  "6"  the  first  large  tubercle  is  on  a  triplet  of  Nos.  11,  12,  and  13,  and  12 
is  the  large  primary,  the  others  being  demi  plates.  But  8,  9,  and  10  form  a  triplet, 
and  it  will  be  noticed  that  the  highest  plate  is  not  a  demi  but  a  small  primary.  Thus 
growth  and  pressure  affected  the  lower  member  of  the  combination  and  not  the  upper 
one,  and  the  lower  became  a  demi  plate,  being  cut  off  from  the  median  line.  In  the 
triplet  of  plates  4,  5,  C,  there  is  no  demi  plate,  but  a  central  large  one  and  an  upper 
and  a  lower  small  plate,  all  being  primaries,  however.  But  the  crowding-in  of  the  two 
upper  plates,  or  1,  2,  after  a  large  plate,  for  that  part  of  the  ambulacrum,  caused 
plate  2  to  become  a  very  small  demi. 

With  regard  to  the  ornamentation  of  the  ambulacra  at  the  ambitus,  it  may  be 
noticed  that  the  great  tubercles  have  a  scanty  line  of  large  granules  along  the  line  of 
the  median  suture.    These  granules  become  rarer  higher  towards  the  apex. 

The  granules  are  very  scanty  on  the  highest  large  tubercular  plate,  and  a  few  are 
seen  on  the  aboral  margin  of  the  plate. 

The  usual  number  of  large  primary  tubercles,  the  result  of  the  combination  of 
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three  plates,  seen  on  an  ambulacrum  is  fifteen,  there  being  eight  on  one  zone  and  seven 
on  the  other. 

Above  the  highest  large  tubercle  there  are  some  small  and  rudimentary  ones  on 
the  larger  of  the  ambulacral  plates  within  the  poriferous  zones.  Quite  at  the  peri- 
stome the  lost  three  triplets  have  their  pairs  of  pores  remote  from  the  outer  future  of 
their  plates,  and  the  outer  region  is  a  part  of  the  tag-like  surface  which  is  continued 
from  the  fairly  well-marked  cut  on  cither  side  of  each  ambulacrum. 

The  interradia  are  deprived  of  large  tubercles  above  the  commencement  of  the 
upward-sloping  part  of  tho  test,  and  the  highest  of  the  large  tubercles  is  at  a  lower 
level  than  the  corresponding  one  of  the  ambulacrum.  In  an  interradium  which  is  well 
preserved  (No.  II.),  the  plates  are  broader  than  high,  and  their  suturnl  lines  are  grooved ; 
the  transverse  direction  of  the  plates  is  decidedly  oblique,  and  rather  more  so  than 
the  direction  of  the  line  of  the  pores  close  by.  The  smallest  plate  at  the  edge  of  the 
apical  disk  is  plate  1  of  zone  "  a"  and  the  first  rather  large  tubercle  is  on  plate  6 ;  on 
zone  "  b "  the  similar  tubercle  is  on  plate  5.  Both  much  smaller  than  a  typical 
great  tubercle,  do  not  cover  much  of  their  plate,  and  have  a  smaller  tubercle  close  to 
their  bases  and  nearer  the  median  line.  The  rest  of  tho  plates  is  well  granulate,  and 
the  granules  of  the  plate  of  "  b  "  are  rather  disposed  to  be  in  transverse  lines.  On  the 
outer  edge  of  the  plates,  and  where  there  is  a  continuation  of  the  line  of  structures  that 
bounds  the  poriferous  zones  of  the  ambulacra,  there  is  a  number  of  small  tubercles 
arranged  in  three  vertical  rows.  These  small  tubercles  are  not  very  close  and  are 
mammillate,  one  being,  moreover,  larger  than  the  others.  It  is  this  part  of  the  plate 
which  is  decidedly  oblique.  The  plate  "  a  "  5  from  the  apex,  has  the  relic  of  a  small 
tubercle  near  the  median  and  adoral  angle ;  the  granulation  is  small  and  linear  and  the 
direction  is  oblique  to  the  line  of  the  edges  of  the  plate,  and  somewhat  continuous  with 
that  of  the  plate  just  described  from  zone  "  4."  There  are  two  vertical  rows  of  small 
tubercles  close  to  the  outer  margin,  and  one  tubercle  is  slightly  larger  than  the  others, 
which  are  also  circumferential  to  it.  Plate  4  of  zone  "  b  "  resembles  the  last  plate  in 
the  arrangement  of  its  lines  of  granules  in  ridges,  and  in  the  existence  of  a  degraded 
small  tubercle  on  the  inner  and  adoral  angle ;  moreover  the  arrangement  of  the  small 
tubercles  on  the  outer  edge  of  the  plates  is  the  same. 

The  other  plates  are  free  from  vestiges  of  tubercles,  and  the  inner  region  of  each 
has  two  irregular  rows  of  very  small  tubercles. 

The  aboral  edges  of  the  larger  primary  tubercles  of  the  interradia  above  the 
ambitus  are  ornamented  with  a  row  of  distinct  granules,  and  there  are  similar  rows 
adorally.  There  is  much  granulation  in  the  median  line,  and  finally  the  granulation 
amounts  to  Bmall  tuberculatum  on  the  outer  edge  of  each  plate,  where  there  are  two 
and  in  some  plates  three  little  tubercles  in  a  vertical  or  very  oblique  row.  There  are 
four  very  large  and  four  rather  largo  primary  tubercles  in  an  interradium. 


Illustration  of  the  Form  in  Plate  XLVI. 
Fig.  6.  The  apical  disk :  magnified. 
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Family  TEMNOPLEURIDAl. 

Genus  TEMNECHINUS,  Forbes,  1852. 

The  great  collections  of  the  species  of  this  genus,  which  we  have  shown  to  be 
synonymous  with  Temnopleurus,  as  used  by  d'Archiac  and  Haime,  came  from  Kachh 
and  Kattywar,  and  the  paucity  of  forms  in  the  collection  of  the  Indian  Geological 
Survey  from  Sind  seems  to  strengthen  this  opinion.  Two  new  species  are  amongst  the 
collection  from  Sind,  and  their  Tertiary  Australian  facies  is  remarkable. 

1.  Temnechixus  Rousseadi,  d'Archiac  &  Haime,  sp.    Plate  XLVII,  Figs.  3  &  4. 

The  reasons  for  placing  in  the  genus  Temnechinus,  Forbes,  the  species  described 
and  named  Temnopleurus  Kou&icaui,  d'Archiac  &  Haime,  have  been  given  in  the 
'  Monograph  of  the  Fossil  Echinoidea  from  Kachh  and  Kattywar,"  pp.  51,  56,  and  84, 
Pal.  Indica,  Ser.  XIV. 

A  much-worn  specimen  of  Temnechinus  Bousseaui,  d'Archiac  &  Haime,  sp.,  is  in 
the  collection  from  the  Gaj  or  Miocene  deposits  of  Sind,  and  it  belongs  to  the  depressed 
variety.  We  have  figured  the  shape  of  the  part  of  the  test  which  remains,  and  also  a 
magnified  view  of  the  ambulacral  and  interradial  plates  close  to  the  peristome. 

Locality.  Entering  the  hills  on  the  road  from  Jangri  to  Bula  Khan's  Thana. 
Survey-number  G  J/»tt- 

Illustration*  qftlte  Species  in  Plate  XLVII. 

Fig.  3.  The  test :  natural  size. 

4.  The  interradium  and  ambulacrum  (near  the  peristome) :  magnified. 
12.  A  plate  and  part  of  the  corresponding  ambulacrum :  magnified. 

2.  Temnechims  Afmis,  Duncan  <£■  Staden. 

The  interesting  species  which  we  described  from  a  well-preserved  specimen  from 
the  Miocene  of  Kattywar  is  represented  in  the  Gaj  series  of  Sind.  The  remarkable 
ornamentation  shown  in  the  illustrations  of  the  species  in  plate  xiii,  figs.  11  &  12,  of 
the  '  Fossil  Echinoidea  of  Kach  and  Kattywar,'  Pal.  Indica,  Ser.  XIV,  is  indicated  in  a 
worn  and  badly  fossilized  specimen  from  Sind.  The  specimen  from  this  last  locality 
has  the  poriferous  zones  more  sunken  than  in  the  type ;  but  this  hardly  seems  to  be  of 
classificatory  value.  Wa  do  not  illustrate  the  specimen,  as  it  is  not  sufficiently  well 
preserved,  but  simply  refer  to  the  illustration  already  alluded  to. 

Locality.  Gaj  or  Miocene  series  of  Sind.  Entering  the  hills  on  the  road  from 
Jangri  to  Bula  Khan's  Thana.    Survey-number  G 

There  is  a  solitary  specimen  of  a  regular  Echinoid  which  has  lost  the  apical  disk, 
but  which  otherwise  is  well  preserved.  It  has  the  facies  of  Lepidopleurus  (page  S06), 
but  the  peculiar  shape  of  the  coronal  plates  is  not  seen.    On  the  contrary,  there  are 


Digitized  by  Google 


804 


THE  FOSSIL  ECHTNOIDEA 


indications,  from  the  position  of  the  transverse  sutures,  that  the  form  has  the  usual, 
nearly  rectangular,  plates  of  Temnechinus. 

Were  the  form  more  depressed  than  it  is  and  somewhat  polygonal  in  the  outline  of 
the  ambitus,  the  considerable  resemblance  of  it  to  Temnechinus  lineatus,  Duncan,  of 
the  Australian  Tertiary  deposits  would  be  very  striking.  But,  although  clearly  distinct 
specifically,  the  two  forms  are  closely  allied. 

3.  Temjtecihxus  stellulatcs,  Duncan  &  Sladen.    Plate  XLVII,  Figs.  8  &  9. 

The  test  is  turban-shaped  and  broader  than  high,  the  tumid  condition  of  the 
ambitus  is  noticed  also  higher  up,  and  the  shape  is  not  remote  from  the  hemispherical. 
The  actinal  surface  is  rather  flat,  and  there  is  some  concavity  at  the  small  circular 
peristome.  The  ambulacra  are  narrow,  rather  tumid  from  side  to  side,  and  the 
poriferous  zones  are  very  slightly  sunken  and  narrow.  There  is  a  vertical  row  of 
small  primary  tubercles  on  each  side  of  the  ambulacrum,  close  to  the  poriferous  areas, 
and  the  tubercles  have  a  small  imperforate  mamelon,  and  an  expanded,  low,  but  tumid 
base,  the  edges  of  which  are  either  circular  or  incised  here  and  there.  Costa-like 
narrow  and  separate  processes  pass  from  the  edge  of  the  base  of  the  tubercles,  princi- 
pally adorally,  to  reach  the  small  rounded  granules  which  are  on  the  plate  placed 
adorally  to  the  tubercle-bearing  one.  Others,  which  are  very  Bhort,  arise  from  the 
inner  part  of  the  edge  of  the  base,  and  pass  to  the  granules  close  to  the  inner  side  of 
the  tubercles ;  and  sometimes  there  arc  two  or  three  processes  that  have  an  aboral 
course  to  reach  the  two  or  three  granules  placed  between  the  successive  tubercles. 
The  tubercles  are  placed  so  close  to  the  poriferous  zone  that  there  are  no  intermediate 
granules,  and  the  poriferous  zones  seem  to  be  well  defined  from  the  interporiferous. 
Between  the  rows  of  the  primary  tubercles  and  the  granules  immediately  associated 
with  them  is  a  rather  confused  ornamentation  of  small  granules,  more  or  less  united 
together  by  radiating  and  very  thin  costa-like  processes,  giving  a  stellate  appearance. 
A  few  large  granules  are  mixed  up  in  this  ornamentation  and  add  to  the  confused 
appearance.  Near  the  apical  end  of  the  ambulacrum  there  is  often  a  tubercle 
surrounded  by  a  ring  of  granules,  each  of  which  is  connected  with  it  by  a  radiating 
process. 

The  interradia  are  slightly  sunken  along  the  median  line,  and  the  plates  are 
rectangular,  and  not  very  high.  A  row  of  small  primary  tubercles,  slightly  larger  than 
those  of  the  ambulacra,  is  placed  vertically  on  either  side  of  the  median  line,  and  there 
is  a  tubercle  on  the  centre  of  each  coronal  plate.  Each  tubercle  has  a  small  imperforate 
mamelon,  a  broad,  flat,  and  tumid  base,  and  radiating  from  it  numerous  processes 
pass  to  an  encircling  series  of  granules.  Usually  these  short  costa-like  processes  do 
not  pass  from  the  tubercle  of  one  plate  to  that  immediately  above  or  below,  but  the 
straight  close  processes  stop  at  the  transverse  suture ;  nevertheless  near  the  abactinal 
part  of  the  interradia  this  junction  may  exist.  There  are  two  or  three  rows  of  granules 
placed  between  the  tubercles  and  the  poriferous  zones.  Between  the  rows  of  tubercles, 
and  especially  close  to  the  median  line,  there  is  much  small  granulation,  and  the 
irregularly  disposed  granules  are  united  by  short,  slender,  and  straight  processes.  In 
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some  places  this  stellate  arrangement  is  seen  amongst  the  granules  of  the  space  between 
the  tubercles  and  the  poriferous  zones.  There  is  no  distinct  costulation  of  or  radiating 
appearance  on  the  poriferous  part  of  the  ambulacral  plates. 

Dimensions.  Height  of  the  test  9  millim.,  breadth  18  8  millim. 

Locality.  The  Gaj  or  Miocene  series  of  Sind:  Mazarani  Nai.  Survey-number 

Illustrations  of  the  Species  in  Plate  XLVII. 
Fig.  8.  The  test :  natural  size. 

9.  Part  of  an  ambulacrum  and  interradium :  magnified. 

A.  Temnecuixus  Gajknsis,  Duncan  <£-  Sladen.    Plate  XL VII,  Figs.  10  &  11. 

The  test  is  small,  turban-shaped,  flat  abactinally  and  actinally,  and  the  peristome 
is  slightly  depressed. 

Apical  disk  wanting. 

Ambulacra  narrow,  flush,  and  with  slightly  sunken  poriferous  zones  with  simple 
pairs  of  pores.  A  vertical  row  of  small  primaries,  with  small  imperforate  mamelous 
and  broad  bases,  is  close  to  the  poriferous  zone  on  either  side.  The  successive 
tubercles  are  separated  by  a  transverse  row  of  two  or  three  granules,  and  are  connected 
with  the  tubercles  of  the  opposite  side  of  the  ambulacrum  by  lines  of  grauules  placed 
on  radiating  narrow  ridges,  with  varying  amounts  of  space  between  them.  Hence  the 
surface  of  the  ambulacra  is  covered  with  a  raised  ornamentation  of  a  simple  character, 
and  it  is  connected  with  that  of  the  interradia  by  means  of  costal  ridges  which  cross  the 
poriferous  part  and  are  continued  on  to  the  interradial  area  so  as  to  join  corresponding 
processes  coming  from  the  bases  of  the  primary  tubercles. 

The  interradia  are  broad,  and  have  a  somewhat  depressed  median  line.  The 
ornamentation  resembles  that  of  the  ambulacra ;  but  the  primaries  arc  in  two  rows 
only  along  the  line  of  the  centres  of  the  plates,  and  are  connected  by  long,  radiating, 
granular,  narrow,  rounded  ridges,  between  which  there  is,  in  some  places,  a  little  space 
so  as  to  show  parts  of  the  test.  Usually  the  test  is  well  covered  by  the  radiating 
granular  ridges. 

The  peristome  is  small  and  nearly  circular. 

Dimensions.  Height  of  the  test  5  millim. ;  breadth  9  millim. 

Locality.  The  Gdj  or  Miocene  series  of  Sind :  Naig  Nai  valley.  Survey-number 

I/lustratiom,  of  the  Species  in  Plate  XLVII. 

Fig.  10.  The  test:  natural  size. 

11.  An  ambulucrum  and  interradium,  in  part  :  magnified. 

Unfortunately  there  is  only  one  specimen  of  this  species  in  the  collection,  but  it  is 
very  well  marked  by  the  peculiar  series  of  small  primaries  in  the  interradia  and 
ambulacra,  and  by  their  simple  radiations  of  coalescing  ridges  and  granules.  There 
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is  little  or  no  difference  in  size  between  the  tubercles  of  the  two  areas.  The  absence 
of  the  apical  disk  is  to  be  regretted. 


Test  small,  broader  than  high,  nearly  hemispherical  or  turban-shaped.  Apical 
system  large,  solid ;  basals  alone  enter  the  anal  ring,  and  are  long  vertically ;  radials 
perforated  at  their  adoral  edge.  Ambulacra  small ;  poriferous  zones  slightly  Bunken, 
pairs  in  simple  series.  Interporiferous  spaces  crossed  by  a  zigzag  of  raised  granular 
ridges  uniting  the  opposite  tubercles.  Intcrradial  plates  angular,  with  the  adoral  edge 
overlapping  and  occupying  a  corresponding  ca\ity  in  the  aboral  edge  of  the  plate 
below.  Two  vertical  rows  of  tubercles,  and  the  tubercles  of  each  row  are  connected  by 
vertical  and  narrow  ridges.  Peristome  and  cuts  small.  Ambulacral  plates  in  triplets, 
the  aboral  plate  of  the  composite  plate  being  a  low  primary;  the  next  below  is 
a  demi  plate,  very  small,  and  crowded  out  of  the  line  by  the  succeeding  or  adoral 
primary,  which  has  an  expanded  interporiferous  part. 

Tubercles  imperforate  and  not  crenulated. 

The  angularity  and  scale-liko  appearance  of  the  interradial  plates,  the  ridges 
between  the  tubercles,  and  the  sunken  sutural  lines  separate  this  genus  from  the  others 
of  the  Temnopleurida;. 

There  are  two  well-marked  species  of  the  genus  in  the  Gaj  Tertiaries. 

1.  LEriDorLEURUS  HMUHMLEKICUS,  Duncan  &■  Sladen.    Plate  XLVH,  Figs.  5,  6,  7. 

The  test  is  small,  nearly  hemispherical,  slightly  broader  than  high,  rather  flat  at 
the  apex,  and  moderately  concave  actinally.  The  apicul  system  is  large,  flat,  and  not 
projecting,  solid,  and  has  a  wide  ring  of  basals  and  radials,  the  last  not  entering  the 
circumference  of  the  round  and  open  periproct.  The  basals  alone  form  the  anal  ring, 
and  they  are  large,  slightly  unequal  in  size,  the  madreporite  being  the  largest ;  there  is 
an  adoral  angle  and  seven  sides  to  each  plate,  the  edge  in  contact  with  the  periproct 
being  one  of  them.  The  height  of  the  plates  is  greater  than  their  breadth  at  the 
periproct,  and  the  ovarial  pore  is  large  and  near  the  adoral  angle.  The  madreporite 
has  no  pore,  and  the  spongy  surface  is  decidedly  convex.  The  sutures  of  the  plates  are 
very  distinct,  and  the  slope  of  the  surface  of  the  whole  system  from  the  faint  ring  round 
the  anus  to  the  adoral  angles  of  the  basals  is  slight. 

The  radial  plates  are  broader  than  high,  widely  separated  from  the  periproct,  and 
are  more  or  less  irregularly  triangular  in  outline.  The  adoral  edge  of  the  radial  plate 
is  broad,  and  has  a  projection  at  the  median  line,  on  either  side  of  which  there  is  a 
curved  edge,  the  concavities  of  the  curves  looking  towards  the  ambulacra.  The  optic 
pore  is  at  the  base  of  this  projection. 

The  ambulacra  are  narrow,  petaloid  above,  open  actinally,  and  they  arc  about  one 
half  of  the  width  of  the  interradia  at  the  equator ;  but  at  the  peristome  the  breadth  of 
the  ambulacra  is  only  a  little  less  than  that  of  the  interradia.    The  surface  of  the 
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ambulacra  is  flush  with  the  rest  of  the  test,  but  the  poriferous  zone  is  rather  sunken. 
The  pairs  of  pores  arc  in  a  simple  vertical  line,  and,  although  the  pairs  combine  to 
form  triplets,  any  arching  is  exceptional ;  no  doubling  of  the  pain  ever  occurs.  The 
pairs  of  pores  are  rather  large  for  the  narrow  zone,  are  wide  apart,  and  unequally  so  on 
account  of  the  different  sizes  of  the  plates  in  a  triplet.  Well-preserved  plates  show  a 
transverse  ridge  or  narrow  rounded-off  costa  placed  aborally  with  regard  to  the  pair  of 
jwres  of  each  plate,  and  passing  not  in  quite  parallel  lines  from  a  primary  tubercle,  or 
from  a  large  granule  in  the  interporiferous  area,  to  large  granules  or  small  tubercles  in 
the  interradia.  As  a  rule,  two  of  the  costa;  of  a  triplet  arise  from  the  two  adoral  plates 
of  the  triple  combination,  or  from  the  part  of  it  which  carries  the  primary  tubercle,  and 
one  from  the  aboral  member  of  the  triplet,  which  usually  has  a  large  granule  on  it. 
There  is  a  vertical  row  of  primary  tubercles  close  to  the  poriferous  zone  on  either  side 
in  the  interporiferous  areas,  and  the  consecutive  broad-based,  small-topped  tubercles 
are  separated  by  one  or  by  two  large  granule*.  The  small  mamelon  of  the  tubercle 
contrasts  with  the  broad  sloping  boss;  there  is  no  perforation, and  crenulation  does  not 
occur.  But  the  edge  of  the  expanded  base  is  often  indented,  for  there  are  the  costulate 
processes  which  unite  the  base  with  the  costa  over  the  poriferous  zone,  and  there  are 
sometimes  others  in  the  opposite  direction,  which  connect  the  base  with  small  granules 
on  the  same  anibnlacral  plate.  Midway  between  the  apical  system  and  the  peristome 
there  is,  now  and  then,  an  extension  of  a  costulate  process  from  the  base  of  one 
ambulacral  tubercle  to  that  of  its  fellow  of  the  opposite  side  of  the  interporiferous 
area.  Here  and  there  there  are  two  large  granules,  placed  transversely,  between  each 
tubercle  in  vertical  succession.  But  near  the  peristome  the  oblique  costulation  over 
the  plates  of  the  interporiferous  areas  is  not  seen,  and  the  preseuce  of  the  pair  of 
intermediate  granules  is  invariable.  The  ornamentation  of  this  part  consists  of  a  small 
primary  tubercle  followed  by  two  granules,  and  this  being  repeated  several  times  is  very 
characteristic.  The  arrangement  of  the  ambulacral  plates  is  near  the  radial  end  in 
low  primaries,  but  a  little  adorally  it  is  in  triplets;  the  aboral  plate  of  each  combina- 
tion is  a  low  primary  plate  (that  is  to  say,  it  reaches  the  median  line)  with  a  slight 
expansion  of  the  interporiferous  portion,  and  this  part  carries  the  granular  ornamenta- 
tion. The  next  plate,  which  is  of  course  placed  actinally,  is  a  small  demi  plate,  and 
it  is  followed  adorally  by  a  primary  which  has  a  great  internal  expansion  and  which 
prevents  the  plate  immediately  above,  that  is  to  say  the  demi  plate,  from  reaching 
the  median  line.    The  last  two  plates  carry  the  primary  tubercle. 

The  plates  of  the  ambulacra  are  therefore  very  dissimilar,  appear  crowded,  and 
the  sutures  are  rather  sunken  and  distinct. 

The  interradia  are  remarkable  for  the  angular  shape  of  the  adoral  edge  of  the 
coronal  plates,  the  corresponding  aboral  parts  being  indented.  The  appearance  given  is 
that  of  scale  armour,  and  it  diminishes  below  the  equator,  where  the  plates  become 
broader,  and  not  so  high  as  they  are  near  the  apical  disk. 

The  sutural  lines  of  the  plates  are  sunken,  and  the  ornamentation  is  raised,  there 
being  a  groove  on  each  plate  just  below  the  aboral  edge  in  the  median  line ;  whilst  the 
primary  tubercle  of  each  plate  is  in  the  median  line  of  the  plate,  and  rather  towards 
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the  adoral  edge.  Nearer  the  peristome,  nnd  where  the  plates  are  lower  but  broader, 
the  tubercle  is  at  about  the  centre  of  the  plate. 

The  edges  of  each  plate  are  ornamented  by  a  few  small  secondaries  with  boss  and 
mamelon,  and  there  arc  usually  at  least  three  of  these  near  the  poriferous  zone,  and 
they  are  connected  with  the  costulation  of  the  poriferous  plates  as  already  noticed. 
Other  small  tubercles  arc  near  the  median  suture,  and  they  are  not  connected  by 
ridges  with  the  corresponding  parts  of  the  opposite  coronal  plates;  but  the  small 
tubercles  which  are  placed  near  the  adoral  and  the  aboral  edges  are  connected  with 
the  large  primary  by  means  of  narrow  convex  ridges  separated  by  still  narrower  deep 
and  linear  grooves  or  spaces,  and  this,  more  or  less,  vertical  series  of  ridges  may  even 
extend  from  the  tubercle  of  one  plate  to  that  of  the  plate  above  or  below.  As  a  rule, 
the  ridges  stop  at  the  transverse  sutures.  Above  the  equator  there  is  a  triplet  of 
ambulacral  plates  in  contact  with  each  interradial  plate. 

The  peristome  is  small,  nearly  circular,  and  there  are  no  cuts. 

Dimensions.  Height  8  millim.,  breadth  11  millim. 


Locality.  The  Gaj  or  Miocene  series  of  Sind  :  Naig  Nai  valley,  12  miles  south  of 
Shah  Khui.    Survey-number  G 


2.  Lehdofleurus  graxulatus,  Duncan  &  Sladen. 

The  test  is  turban-shaped,  broader  than  high,  tumid  close  above  the  ambitus, 
sloping  without  a  bold  curve  to  the  apical  system,  and  swollen  actinally,  but  concave 
at  the  small,  nearly  circular,  and  very  minutely  incised  peristome. 

The  apical  system  is  slightly  projecting  above  the  ordinary  curve  of  the  test ;  it  is 
solid  and  rather  large,  the  height  of  the  basals  from  their  adoral  angle  to  the  pcriproct 
being  well  developed.  The  periproct  is  surrounded  by  a  decided  ridge,  and  is  not 
large.  The  basals  have  the  pore  large  and  near  their  adoral  angle,  and  the  madreporite 
has  its  surface  swollen  and  raised  above  the  level  of  that  of  the  other  basals.  It  has  a 
j»ore  beyond  the  spongy  part  and  close  to  the  angle.  The  radials  are  broader  than 
high,  are  tumid  adorally,  and  there  are  the  relics  of  a  minute  granulation  upon  them. 
The  optic  pore  is  close  to  the  adoral  margin. 

The  ambulacra  are  narrow,  flush  with  the  rest  of  the  test  j  but  the  poriferous  zones 
are  sunken  slightly  and  narrow.  The  pairs  of  pores  are  nearly  in  straight  series,  and 
arc  only  slightly  in  simple  ill-denned  arcs,  or  in  successive  series  of  oblique  triplets. 
There  is  no  doubling  of  pairs ;  and  near  the  peristome  the  breadth  of  the  ambulacra 
h  small,  and  a  little  less  than  that  of  the  intcrradia.  The  breadth  of  the  ambulacra,  a 
little  above  the  ambitus,  is  considerably  less  than  the  interradia  there.  There  is  a 
vertical  row  of  small  primary  tubercles  on  each  side  of  the  interporiferous  area,  close 
to  the  pores,  and  the  tubercles  arc  with  a  broad  base  which  slopes  up  gradually  to 


I/lustrations  of  the  Species  in  Plate  XLVII. 

Fig.  5.  The  test. 

6.  Part  of  the  abactinal  surface :  magnified. 

7.  Part  of  the  ambitus :  magnified. 
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the  small  imperforate  mamelon.  In  the  space  between  the  consecutive  tubercles  there 
is  a  row  of  two  or  three  rather  large  granules  in  a  transverse  row.  Between  the 
tubercles  and  along  the  median  line  of  the  area  there  arc  a  few  rather  indistinct  large 
and  small  granules  united  to  the  base  of  the  great  tubercle  by  costa-like  ridges.  Some 
granules  situated  at  the  actinal  and  abactinal  edges  of  the  plates  arc  often  connected 
to  the  tubercles  by  the  ridges. 

The  arrangement  of  the  tubercle-bearing  triplet  of  ambulacral  plates  is  as  in  the 
generic  definition. 

The  interradia  are  broad  between  the  apex  and  the  peristome,  and  the  plates  of 
the  part  above  the  ambitus  are  with  a  median  and  adorally  projecting  angle,  the  usual 
generic  scale-like  appearance  being  very  decided  when  there  has  been  some  weathering. 
The  sutures  are  distinct  and  sunken,  and  the  primary  tubercles  are  in  a  vertical  row, 
there  being  a  tubercle  in  the  centre  of  every  one  plate  of  the  interradia,  with  a  large 
base  and  a  small  mamelon.  Just  above  the  ambitus  the  rest  of  the  plate  unoccupied 
by  the  large  tubercle  is  closely  packed  with  rounded  granulations,  some  of  which  are 
between  the  poriferous  zone  and  the  tubercle.  These  last  are  united  to  the  small  costs 
of  the  poriferous  zone.  At  the  actinal  surface  the  great  tubercle  of  a  plate  has  the 
granules  more  or  less  in  ill-defined  circles  around  it,  and  there  is  often  a  costulation 
between  them.  The  tubercles  of  the  interradia  are  rather  larger  than  those  of  the 
ambulacra ;  but  both  sets  are  small.  The  radiation  of  the  costa-like  processes  is  often 
visible  from  a  tubercle  close  to  the  peristome  to  the  granules  between  it  and  the 
poriferous  zone  of  the  ambulacrum.  There  are  fifteen  plates  on  one  side  of  an  inter- 
radium,  and  three  times  that  number  of  large  and  demi  plates  belonging  to  the 
ambulacra. 

Dimensions.  Height  7  millun.,  breadth  11  millim. 

Locality.  The  Gaj  or  Miocene  series  of  Sind :   Mazarani  Nai.  Survey-number 

The  arrangement  of  the  plates  of  the  interradia  and  ambulacra,  the  character  of 
the  apical  disk,  the  small  peristome  with  very  slight  cuts,  the  sunken  sutures  seen  in 
some  places,  and  the  costa-like  union  of  the  tubercles  and  granules  link  this  form  with 
the  last. 

The  distinctions  of  a  specific  character  are  the  multigranular  plates  above  the 
ambitus  without  costal  unions,  the  simpler  ornamentation  of  the  ambulacra  in  the 
median  line,  and  the  presence  of  a  third  intermediate  granule.  The  shape  of  the  test 
also  adds  to  the  differences  between  the  two  species. 
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S«A/<tm.iy  TRIPLECHISID.G. 

Genus  HIPPOXOE,  Gray,  1840. 

(Syn.  Tripneuitta,  Agam:,  1841.) 
Test  of  large  size,  tumid,  and  often  subconoid. 

Ambulacral  areas  very  broad,  nearly  equal,  or  subequal,  to  tbe  interradial  areas. 
Poriferous  zones  very  wide.  Pores  arranged  in  three  distinctly  spaced  vertical  series, 
the  external  ones  regularly  vertical,  the  median  series  sporadic 

Primary  tubercles  imperforate  and  not  crenulatc,  small  and  numerous,  arranged  in 
horizontal  rows  in  the  interradial  areas,  forming  also  more  or  less  regular  vertical  series. 
Small  secondary  tubercles  distributed  between  the  three  vertical  rows  of  pores. 

Peristome  small  aud  subcircular  ;  with  deeply  indented  mouth-slits. 

1.  HirroNoi:  proayia,  Duncan  &  Sladen.    Plates  XLVIII  &  XLIX,  Fig.  1. 

The  test  is  of  large  size,  and  was  probably  circular  in  marginal  contour,  slightly 
depressed,  the  height  being  a  little  more  than  two  thirds  of  the  diameter ;  convex 
abactinally  and  probably  with  a  tendency  to  become  conoid  towards  the  apex ;  with 
great  tumidity  at  the  ambitus,  which  passes  gradually  over  on  to  the  actinal  surface, 
where  the  test  is  slightly  concave. 

Ambulacral  areas  remarkably  broad,  their  width  at  the  ambitus  being  greater  than 
that  of  the  interradial  areas  ;  and  they  are  flush  with  the  general  surface  of  the  test. 
The  poriferous  zones  arc  straight  and  of  great  breadth,  being  a  shade  broader  than  the 
width  of  the  intcrporiferous  area ;  thus  at  the  ambitus  of  the  large  type  specimen  the 
breadth  of  the  interambulacral  area  measures  49  millim.,  the  whole  ambulacral  area 
50-75  millim.,  and  the  poriferous  zone  17  millim.  The  pores  form  three  distinct, 
vertical,  and  widely  spaced  scries ;  the  inner  and  the  outer  row  are  almost  regularly 
uniserial,  whilst  the  disposition  of  the  pores  in  the  median  series  is  more  or  less 
sporadic,  with  a  tendency  to  fall  into  oblique  triplets.  The  manner  in  which  this 
arrangement  is  effected,  and  the  position  of  the  pairs  of  pores  upon  their  respective 
plates  will  be  readily  seen  on  referring  to  Fig.  4. 

The  ambulacral  plates  are  very  short,  their  height  being  not  more  than  one  tenth 
or  one  twelfth  of  the  breadth,  and  each  is  normally  composed  of  three  poriferous  plates, 
each  of  these  contributing  a  pair  of  pores  to  one  of  tbe  three  vertical  series  above 
described.  Their  arrangement  is  after  the  following  manner : — The  inner  end  of  each 
ambulacral  plate,  which  occupies  the  interporiferous  area,  is  composed  of  what  we  may 
speak  of  as  the  primary  poriferous  ossicle ;  passing  the  eye  along  the  aboral  margin  of 
the  plate,  and  traversing  it  from  the  inner  extremity  of  the  line  outwards,  it  will  be 
noticed  that  as  soon  as  the  poriferous  zone  is  reached  the  aboral  margin  commences  to 
be  gradually  scooped  away,  this  part  of  the  plate  being,  along  the  greater  portion  of  the 
breadth  of  the  poriferous  zone,  a  mere  thin  band,  less  than  one  third  the  height  of  the 
compound  plate.  Tbe  portion  thus  scooped  away  is  occupied  by  two  low  demi  poriferous 
plates  in  the  form  of  band-like  wedges.    At  the  outer  end  of  the  composite  ambulacral 
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plate  it  will  be  noticed  that  the  median  plate  of  this  triplet  is  the  highest  («'.  e.  forms 
the  broadest  band) ;  this  is  the  most  adoral  of  the  two  demi  poriferous  plates,  and 
the  one  which  is  immediately  superposed  on  the  primary  poriferous  plate  ;  its  pair  of 
pores,  which  are  borne  close  to  the  outer  end,  go  to  form  the  outermost  of  the  three 
vertical  rows  in  the  poriferous  zone.  The  second  demi  poriferous  plate  is  the  most 
aboral  of  the  triplet,  and  bears  near  its  median  region  the  pair  of  pores  which  fall  in 
the  median  or  sporadic  vertical  series.  The  primary  poriferous  plate  (the  most  adoral 
plate  of  the  triplet)  bears  the  pair  of  pores  which  stand  in  the  inner  of  the  three 
vertical  series  of  the  poriferous  zone,  and  are  situated  rather  nearer  the  centre  of  the 
plate  than  one  third  of  the  distance  from  the  inner  to  the  outer  end.  On  carefully 
examining  an  ambulacral  area  it  will  be  observed  that  not  infrequently  one  ambulacral 
plate  (t.  e.  a  composite  triplet,  as  above  described)  simulates  the  character  of  a  demi 
plate  in  relation  to  the  next  adorally  adjacent  ambulacral  plate,  in  so  far  that  the 
breadth  of  the  "  simulating  "  triplet  is  reduced  from  the  adoral  margin  on  the  inner 
part  of  the  plate,  the  part  thus  apparently  cut  away  obliquely  being  occupied  by 
the  increased  primary  poriferous  plate  of  the  subjacent  triplet  ;  the  whole  of 
the  upper  of  these  two  ambulacral  plates  thus  simulating  the  character  of  a  simple 
demi  poriferous  plate  in  an  Echinoid  triplet,  relatively  to  the  underlying  (i.  e.  more 
adoral)  ambulacral  plate.  Occasionally  the  increase  of  the  one  primary  poriferous 
plate  to  the  sacrifice  of  the  primary  of  the  next  aboral  plate  (/'.  e.  triplet)  is  so  great 
that  this  latter  is  excluded  altogether  from  reaching  to  the  median  suture  of  the  inter- 
poriferous  area.  At  first  sight  these  plate  arrangements  are  very  puzzling,  and  need 
careful  study  before  they  can  be  traced.  The  various  features  mentioned  above  are 
represented  in  Fig.  4. 

The  primary  tubercles  which  ornament  the  plates  arc  small,  subequal,  imperforate, 
and  non-crenulate ;  and  those  of  the  ambulacral  regions  are  very  little  smaller  than 
those  of  the  in  tcrradial  areas.  On  the  interporiferous  arc  as  there  are  six  vertical  rows 
of  primary  tubercles,  which  also  form  regular  horizontal  rows  of  three ;  these  are  equi- 
distantly  spaced  and  disposed  in  the  following  noteworthy  manner : — The  two  tubercles 
nearest  the  poriferous  zone  stand  on  the  same  primary  poriferous  plate,  whilst  the  third 
tubercle,  which  is  next  to  the  median  suture,  is  placed  on  the  next  aboral  primary 
poriferous  plate.  The  succeeding  aboral  primary  poriferous  plate  bears  no  tubercles  ; 
and  this  disposition  is  maintained  very  prevalently  throughout  the  right-hand  column 
of  the  ambulacral  area.  In  the  left-hand  column  the  three  tubercles  often  form  an 
oblique  series,  with  a  tubercle  on  each  succeeding  plate ;  and  very  frequently  the 
posture  of  the  respective  tubercles  seems  singularly  independent  of  the  plates,  in  being 
placed  either  midway  on  the  horizontal  suture,  or  with  the  boss  only  encroaching  more 
or  less  on  the  neighbouring  plate.  This  slight  but  remarkable  diversity  in  the 
arrangement  of  the  tubercles  of  the  interporiferous  area  in  the  right-hand  columns  of 
the  ambulacral  area  is  to  be  seen  in  all  the  ambulacra  which  we  have  been  able  to 
examine  in  the  example  under  notice.  In  the  poriferous  zones  there  arc  three  vertical 
rows  of  tubercles  of  the  same  size  as  those  in  the  interporiferous  area.  Two  of  these 
are  located  between  the  outermost  and  the  median  vertical  rows  of  pores,  whilst  the 
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third  is  between  the  median  and  the  innermost  vertical  series  of  pores.  The  vertical 
rows  are  maintained  with  great  regularity,  but  there  is  considerable  irregularity  in  the 
respective  posture  of  the  tubercles  of  the  two  rows  between  the  outer  and  the  median 
series  of  pores.  Frequently  two  of  these  tubercles  stand  in  horizontal  line,  and  are 
well  spaced  from  the  next  pair,  but  frequently  the  tubercle  of  one  vertical  row  is  not  in 
horizontal  line  with  the  corresponding  tubercle  of  the  other.  The  tubercles  which 
stand  between  the  median  and  the  inner  vertical  scries  of  pores  appear  to  be  placed 
regularly  opposite  the  interspaces  between  the  tubercles  of  the  innermost  of  the  two 
vertical  series  of  tubercles  which  occupy  the  space  between  the  outer  and  the  median 
series  of  pores,  and  are  also  in  horizontal  line  with  the  nearest  tubercle  on  the  inter- 
poriferous  area  In  addition  to  these  primary  tubercles  a  few  small  miliary  (but  still 
mammillated)  tubercles  occur  irregularly  upon  the  ambulacra!  plates.  There  are  five 
ambulacral  plates  opposite  one  of  the  interradial  plates  at  the  ambitus,  and  consequently 
five  of  the  pairs  of  pores  belonging  to  the  outer  vertical  series. 

The  interradial  plates  are  broad  but  short,  their  breadth  at  the  ambitus  being 
more  than  five  times  the  length,  the  actual  dimensions  being  25  millim.  and  4*5  millim. 
respectively.  Each  plate  bears  a  horizontal  line  of  uniform  and  equal-spaced  primary 
tubercles,  slightly  larger  than  those  on  the  ambulacral  areas.  In  the  neighbourhood 
of  the  ambitus  there  are  seven  tubercles  in  tills  horizontal  line,  the  position  of  which 
upon  the  plate  is  rather  below  the  middle.  At  the  end  of  the  plate  adjacent  to  the 
poriferous  zone  an  additional  primary  tubercle  of  equal  size  to  those  described  stands 
near  the  aboral  margin  of  the  plate,  immediately  over  the  interspace  between  the  two 
first  tubercles  of  the  horizontal  line,  there  being  thus  eight  primary  tubercles  on  each 
plate  at  the  ambitus ;  as  the  plates  recede  from  the  ambitus,  however,  the  tubercleB  of 
the  horizontal  series  nearest  the  poriferous  zone  diminish  to  the  size  of  mere  secondary 
tubercles,  or  disappear  altogether,  which  causes  the  horizontal  line  of  tubercles  to 
appear  to  take  a  sharp  angular  bend  at  the  extremity  near  the  poriferous  zone.  Some- 
times in  the  larger  plates  near  the  ambitus  there  is  a  small  secondary  tubercle  in  the 
extreme  aboral  corner  of  the  plate,  close  to  the  poriferous  zone  ;  and  an  irregular  line 
of  mammillated  miliary  tubercles  stands  on  the  aboral  margin,  whilst  a  few  irregularly 
disposed  and  very  much  smaller  simple  miliary  granules  are  distributed  on  the  vacant 
portions  of  the  plate. 

Unfortunately  neither  the  peristomial  nor  the  apical  regions  of  the  test  are 
preserved. 

Binaries.  We  refer  to  this  species,  although  with  some  doubt,  a  fragment,  con- 
sisting of  part  of  an  interradial  and  an  ambulacral  area.  It  belonged  to  a  much  smaller 
test  than  the  type-specimen  above  described.  The  interradial  plates  at  the  ambitus 
bear  a  horizontal  row  of  five  primary  tubercles  and  a  distinct  line  of  miliary  tubercles 
along  the  aboral  margin,  the  one  nearest  the  poriferous  zone  being  the  largest  of  these. 
The  tubercles  arc  more  numerous  and  much  more  closely  placed  than  in  considerably 
larger  examples  of  the  allied  species  U.  antiqua,  described  below ;  and  on  these  grounds 
we  consider  it  probable  that  the  fragment  belonged  to  a  young  test  of  II.  proavia.  The 
fragment  in  question  is  figured  in  Tlate  XLIX. 
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Dimensions.  The  large  type  specimen  measures  185  millim.  in  its  greatest  diameter, 
and  146  millim.  in  the  lesser  diameter.  It  has  been  crushed  laterally.  The  height  of 
the  specimen  in  its  present  condition  is  98  millim.,  and,  as  far  as  can  be  judged,  the  test 
when  perfect  was  not  much  higher. 

Localities.  In  the  Gaj  series  of  strata: — i.  Mendiari,  thirty-five  miles  north  of 
Karachi.    Survey-number  G 

ii.  Ravine  on  the  south-east  of  Bill,  twelve  miles  north  of  Shah-beg  (the  coral 
zone).    Survey-number  G 

Illustration  of  the  Specie*  in  Plates  XLVIII.  &  XLIX. 
Plate  XLVIII. 

Fig.  1.  Profile  new  of  the  test :  natural  size. 

2.  Act  in ;  1 1  view  of  the  tost :  natural  size. 

3.  Interradial  plates,  to  show  ornamentation  :  magnified. 

4.  Part  of  the  ambulacral  area  to  show  the  composition  of  the  plates : 

magnified. 

4  a.  Diagrammatic  sketch  of  ambulacral  plates,  to  show  the  disposition  of 
the  ornamentation :  magnified. 

Plate  XLIX. 

Fig.  1.  Fragment  of  a  small  test,  probably  belonging  to  this  species:  natural 

2.  HiPPONOt  a.ntiqua,  Duncan  d-  Sladen.    Tlate  XLIX,  Figs.  2-4. 

The  test  is  usually  of  a  medium  size,  but  attains,  when  well  grown,  rather  large 
dimensions.  Its  form  appears  to  be  subject  to  great  variation,  some  specimens  being 
considerably  depressed  and  with  the  abactinal  surface  more  or  less  conoid;  whilst 
others  are  much  higher,  decidedly  tumid  at  the  sides,  and  with  very  little,  if  any,  trace 
of  the  conoid  form  towards  the  apex  The  first-mentioned  forms  appear  to  be  chiefly 
large  examples,  and  the  more  globular  tests  the  smaller  ones.  It  is,  however,  difficult 
to  indicate  with  certainty  the  shape  of  the  test,  as  all  our  examples  are  either  crushed 
or  fragmentary;  the  Bpecies  may  be  said  with  safety  to  be  extremely  variable  in  many 
points,  like  its  modern  representatives. 

The  ambulacral  areas,  which  are  flush  with  the  general  surface  of  the  test,  are  of 
great  breadth,  their  width  at  the  ambitus  being  only  a  little  less  than  seven  tenths  of 
the  width  of  the  interradial  areas ;  they  contract  gradually  towards  the  apex,  where 
their  outline  becomes  narrow  and  pointed.  The  poriferous  zones  are  straight  and  of 
great  breadth,  being  nearly  as  broad  as  the  width  of  the  interporiferous  area ;  thus  at 
the  ambitus  of  tho  largest  specimen  the  breadth  of  the  interradial  area  measures 
43  millim.,  the  whole  ambulacral  area  29  millim.,  and  the  poriferous  zone  9  millim. 
The  pores  form  three  distinct,  vertical,  and  well-spaced  series.    The  pores  of  the  inner 
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row  are  regularly  uniserial.  The  disposition  of  the  pores  of  the  median  series  is 
sporadic,  with  a  slight  tendency  to  form  oblique  triplets,  the  feature  being  specially 
noticeable  at  the  ambitus,  and  becomes  much  less  regular  on  the  upper  part  of  the 
series.  The  outer  series  of  pores  are  nominally  uniscrial,  but  show  slight  irregularities 
here  and  there,  and  do  not  form  quite  as  strictly  regular  a  vertical  line  as  the  inner 
series.  The  ambulacral  plates  are  very  short,  their  height  being  not  more  than  from 
one  tenth  to  one  twelfth  of  the  breadth  ;  and  each  is  composed  of  three  poriferouB 
plates,  the  adoral  one  a  large  primary,  and  the  other  two  low  band-like  demi  plates, 
each  of  these  contributing  a  pair  of  pores  to  one  of  the  three  vertical  series  above 
described.  The  general  character  and  the  method  of  the  arrangement  of  the  poriferous 
plates  accords  so  closely  with  those  of  //.  proavia,  which  we  have  discussed  at  length 
on  the  preceding  page,  that  it  is  unnecessary  to  again  describe  them  in  detail.  It  is 
interesting,  however,  to  note  in  this  species,  in  the  neighbourhood  of  the  ambitus  of  the 
large  specimen,  that  what  might  be  considered  as  the  true  compound  ambulacral  plates, 
from  their  appearance  and  the  posture  of  the  zigzag  suture  in  the  median  radial  line,  are 
in  reality  composed  of  three  compound  ambulacral  plates,  which  individually  simulate 
primary  poriferous  plates ;  these  apparently  true  compound  ambulacral  plates  being,  in 
other  words,  built  up  of  three  triplets  of  poriferous  plates.  Each  of  the  three  compound 
ambulacral  plates  which  simulate  primaries  extend  up  to  the  median  suture ;  but  the 
middle  "  compound  "  of  the  trio  is  the  largest  at  the  inner  end,  expanding  in  depth  as 
it  approaches  the  median  suture,  and  causing  a  corresponding  diminution  there  of  its 
ad-  and  aboral  companion  compound  plates  which  simulate  primaries.  In  the  large 
specimen  under  notice  this  character  may  be  traced  throughout  the  greater  portion  of 
the  ambulacrum,  though  in  the  upper  region  it  is  sometimes  indistinct  and  sometimes 
interrupted  altogether,  the  zigzag  median  suture  being  very  slightly  bent  and  irregular. 

The  primary  tubercles  which  ornament  the  plates  are  small,  subequal,  imper- 
forate, and  non-crenulate ;  and  those  of  the  ambulacral  areas  are  very  little  smaller 
than  those  of  the  intcrradia.  On  the  interporifcrous  areas  there  may  be  said  to  be 
four  vertical  rows  of  primary  tubercles ;  but  these  do  not  form  horizontal  rows,  and  only 
the  two  outer  rows  are  strictly  regular ;  the  tubercles  of  the  two  inner  rows  arc  much 
less  numerous  and  alternate  with  one  another,  and  are  often  smaller  than  the  tubercles 
of  the  outer  rows.  Two  or  three  compound  ambulacral  plates  stand  between  each  of 
the  tubercles  which  form  the  outer  vertical  series ;  and  the  inner  series  of  tubercles 
are  almost  always  borne  on  these  intermediate  plates,  and  not  upon  the  same  plate 
as  the  outer  tubercle.  The  inner  tubercles  scarcely  extend  further  than  midway 
between  the  ambitus  and  the  apex,  the  outer  series  only  reaching  the  apex  and  the 
peristome. 

There  are  nominally  two  vertical  series  of  tubercles  in  the  poriferous  zones :  one, 
which  is  the  most  regular,  being  situated  between  the  outer  and  the  median  vertical 
rows  of  pores  j  whilst  the  other  is  in  the  much  narrower  space  that  intervenes  between 
the  median  and  the  innermost  vertical  series  of  pores.  Much  irregularity  occurs  in  the 
spacing  of  these  tubercles  and  in  their  size,  and  numerous  small  miliary  tubercles  arc 
interspersed.    There  are  four  ambulacral  plates  opposite  one  of  the  intcrradial  plates 
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at  the  ambitus,  and  consequently  four  of  the  pairs  of  pores  belonging  to  the  outer 
vertical  series. 

The  interradial  plates  are  broad  but  short,  the  breadth  at  the  ambitus  being  rather 
more  than  four  times  the  length  (t.  e.  depth),  the  actual  dimensions  being  21*5  millim. 
and  4'75-5-0  millim.  respectively.  Each  plate  bears  a  horizontal  line  of  uniform  and 
widely-spaced  primary  tubercles,  very  slightly  larger  than  those  on  the  ambulacrul 
areas.  In  the  neighbourhood  of  the  ambituB  there  are  four  tubercles  in  this  horizontal 
line,  the  position  of  which  upon  the  plate  is  rather  below  the  middle.  At  the  end  of 
the  plate  adjacent  to  the  poriferous  zone  an  additional  primary  tubercle,  of  equal  size 
to  those  described,  stands  near  the  aboral  corner  of  the  plate,  and  there  are  thus  five 
primary  tubercles  on  each  plate  at  the  ambitus  ;  this  additional  upper  tubercle,  how- 
ever,  is  not  found  on  more  than  five  or  six  plates  above  the  ambitus,  and  on  the  upper 
ones  even  of  these  becomes  reduced  in  size  to  a  small  secondary.  The  first  tubercle  of 
the  true  horizontal  series  (next  the  poriferous  zone)  does  not  extend  beyond  two 
thirds  of  the  distance  between  the  ambitus  and  the  apex,  and  it  is  the  second  tubercle 
only  whose  series  extends  from  the  peristome  to  the  apex,  this  tubercle  being  the  sole 
occupant  of  the  five  or  six  upper  plates  of  the  interradial  area ;  the  third  tubercle 
extends  about  as  far  as  the  first  above  mentioned,  but  appears  to  maintain  its  size 
better,  the  tubercles  of  the  first  series  diminishing  rapidly  as  they  approach  their  upper 
limit.  The  fourth  or  innermost  tubercle  does  not  extend  much  beyond  halfway 
between  the  ambitus  and  the  apex.  Consequent  on  this  disposition  of  the  tubercles, 
there  is  a  median  naked  and  slightly  depressed  or  trough-like  area  in  the  uppermost 
region  of  the  interradia.  A  number  of  widely-spaced  miliary  tubercles  are  present 
on  the  plates,  and  a  more  or  less  definite  horizontal  series  occurs  along  the  aboral 
margin  of  the  plates,  at  least  near  the  ambitus  and  a  little  below. 

The  peristome  is  tolerably  wide,  decagonal,  impressed,  with  the  actinal  surface 
swelling  tumidly  between  the  peristome  and  the  margin  of  the  test ;  and  the  diameter 
is  a  little  more  than  one  fourth  that  of  the  test  (23  millim.  in  a  specimen  whose 
diameter  is  80  millim.).  The  mouth-slits  are  deeply  cut,  and  extend  as  far  as  the 
level  of  the  fourth  tubercle  iu  the  ambulacral  area.  The  notches  are  narrow  and  have 
a  conspicuous  raised  rim,  most  prominent  on  the  interradial  side,  where  there  is  also  a 
considerable  thickening  near  the  upper  third  of  the  length  ;  this  causes  the  notch  to 
have  a  slightly  curved  appearance,  as  if  bending  towards  the  interradium.  On  its 
embouchure  into  the  peristome  the  notch  expands  rather  rapidly,  its  interradial  side 
being  more  cut  away  than  the  ambulacral.  The  peristomial  m  irgin  of  the  ambulacral 
areas  is  nearly  straight,  very  faintly  indented  at  the  median  line,  and  is  nearly  twice  as 
broad  as  the  interradia. 

The  apical  disk  is  not  preserved  in  any  of  our  specimens. 

Young  form.  A  small  test,  66  millim.  in  diameter  and  40  millim.  in  height 
(slightly  crushed),  presents  all  the  characters  of  the  adult  form  in  the  structure  of  its 
ambulacral  areas,  and  is  unmistakable.  The  specimen  unfortunately  is  so  badly 
preserved  and  so  much  destroyed  by  weather-action,  that  it  is  quite  unfitted  for 
description. 
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Variations.  Reference  has  been  made  to  the  variability  of  the  form  of  the  test  of 
this  species.  The  geueral  type  may  be  said  to  be  depressed,  with  the  abactiual  surface 
subconoid,  suggesting  the  habit  of  the  recent  Pseudoboletia.  Examples  of  this  form 
bear  the  Survey-numbers  G  a4Q04,  G  ;  and  a  smaller  specimen,  which  perhaps  may 
be  classed  in  the  same  category,  is  marked  G  A  relatively  higher  and  more 

globular  test,  of  smaller  size  than  the  type,  is  marked  G  and  G  *fta ;  in  other 
respects  these  examples  accord  in  their  structure  with  the  details  described  above. 
Fragments  of  a  high  test,  bearing  the  Survey-number  G  Vs1)  aTe  remarkable  for  pre- 
senting in  conjunction  with  that  character  a  decided  tendency  to  a  subconoid  form  in 
the  region  of  the  apex,  and  in  having  a  very  distinct  depression  or  wide  trough-like 
encurvature  along  the  median  interradial  areas  on  the  abactinal  surface,  causing  the 
test  to  appear  somewhat  melon-shaped.  The  tuberculation  was  probably  less  widely 
spaced  than  in  the  type  forms  of  Hipponoe  antiqua ;  but  the  fragments  are  unfortu- 
nately in  a  very  bad  Btate  of  preservation,  and  have  been  long  exposed  to  the  action  of 
weathering.  With  more  satisfactory  material  it  may  perhaps  be  found  necessary  ulti- 
mately to  distinguish  this  form  as  a  distinct  variety,  but  for  the  present  we  abstain 
from  giving  it  a  name. 

Remarks.  This  species  is  distinguished  from  //.  proacia  by  the  depressed  and 
usually  subconoid  form  of  the  test,  by  the  narrow  ambulacral  areas,  and  by  the  widely 
spaced  tuberculation  of  the  interradial  plates,  and  the  consequently  smaller  number  of 
tubercles  on  each  plate. 

Dimensions.  The  greatest  diameter  of  the  type  specimen  measures  127  millim., 
and  the  height  is  about  54  millim. ;  but  the  test  has  been  so  greatly  crushed  that  little 
value  can  be  placed  upon  the  last  measurement.  A  small  example,  which  is  only  a 
little  crushed,  is  82  millim.  in  diameter  and  46  millim.  in  height ;  whilst  the  frag- 
ment of  another  test,  which  does  not  appear  to  have  beeu  distorted,  represents  a  test 
which  we  estimate  at  95  millim.  in  diameter,  and  about  47  millim.,  or  probably  rather 
less,  in  height.  A  fragment  of  the  high  variety  with  interradial  depressions  measures 
65  millim.  in  height,  and  belongs  to  a  test  rather  more  than  92  millim.  in  diameter. 

Localities.  In  the  Gaj  series  of  strata: — 

i.  About  three  miles  south-east  of  Tong.    Survey-number  G 

ii.  Scarp  of  the  Mol  Plateau,  west  of  Kund  (the  same  scarp  as  G^l).  Survey- 
number  G 

iii.  Near  the  Uabb  River.    Survey-number  G  3,V- 

iv.  Hill-scarp  five  miles  north  of  Shah  Rhui,  on  the  Naig  Nai,  south-west  of 
Jhangara.    Survey-number  G  34V- 

v.  Mol  Plateau,  fourteen  miles  north  of  Shah-beg.    Survey-number  G  . 

Illustrations  of  the  Species  in  Plato  XLIX. 
Fig.  2.  Abactiual  view  of  the  test :  natural  size. 

15.  Actinal  view  of  a  smaller  specimen:  natural  size. 
4.  Profile  view  of  the  same  fragment :  natural  size. 
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Genus  ECHINUS  {Rondel),  Linni,  1758. 

1.  Echinus  surcrexatus,  Duncan  &  Sladen.    Plate  XI -IX,  Figs.  5  &  6. 

The  test,  which  in  its  present  state  is  considerably  crushed,  was  probably  much 
depressed,  and  with  the  marginal  contour  subpentagonal. 

Ambulacral  areas  rather  more  than  half  the  breadth  of  the  interambulacral  areas 
at  the  ambitus,  where  their  proportion  is  about  five  ninths  of  the  latter,  as  the  ambu- 
lacral area  measures  7*5  millim.,  and  the  interambulacral  area  L3*2S  millim.  at  the 
ambitus,  in  the  specimen  under  notice.  The  ambulacral  areas  contract  gradually  as 
they  approach  the  apex.  The  poriferous  zones  are  rather  broad,  with  the  pairs  of  pores 
disposed  in  regular  oblique  triplets,  the  obliquity  decreasing  as  the  apex  is  approached. 
The  ambulacral  plates  are  comparatively  low  and  broad,  their  height  at  the  ambitus 
being  about  one  third  of  the  width.  Each  is  composed  of  three  poriferous  plates,  the 
adoral  and  aboral  ones  being  primaries,  and  the  median  a  small  wedge-formed  demi 
plute,  which  does  not  quite  reach  the  middle  of  the  compound  ambulacral  plate ;  the 
suture  which  bounds  the  adoral  poriferous  plate  passes  slightly  upwards  from  this 
point  and  obliquely,  reaching  the  median  ambulacral  line  near  the  middle  of  the 
aboral  facet  of  the  inner  end  of  the  ambulacral  plate.  The  ambulacral  plates  bear 
one  primary  tubercle,  placed  close  to  the  poriferous  zone,  and  the  series  form  a  straight 
and  regular  vertical  line  on  each  side  of  the  interporiferous  area,  extending  from  the 
apex  to  the  peristome.  The  boss  of  the  tubercle  is  of  small  elevation,  but  occupies 
nearly  the  whole  of  the  depth  of  the  plate,  and  is  surrounded  by  a  faint  scrobicule. 
The  mamelon  is  rather  large  and  semiglobular,  with  scarcely  any  neck  ;  it  is  imperforate 
and  there  is  no  crenulation.  At  the  ambitus  each  plate  bears  a  second  tubercle  nearly 
as  large  as  that  just  described  and  precisely  similar,  placed  near  the  inner  end  of  the 
plate.  Passing  upwards  towards  the  apex,  these  inner  tubercles  rapidly  diminish  in 
size,  and  cannot  be  traced  much  further  than  midway  between  the  ambitus  and  the 
apex.  Three  or  four  tolerably  large  miliary  granules,  and  frequently  one  or  two 
irregular  small  ones,  are  present  on  the  plates.  One  of  the  larger  ones  is  usually  placed 
near  the  aboral  margin,  and  one  on  the  adoral  margin  opposite  the  interspace  between 
the  two  large  tubercles  above  noticed;  and  frequently  two  small  granules  stand  on  the 
aboral  margin  over  the  inner  large  tubercle.  A  miliary  tubercle  is  in  association  with 
the  pore  triplets,  and  is  borne  on  the  small  median  demi  plate. 

The  interambulacral  plates  are  wide  and  low,  their  height  at  the  ambitus  is 
one  fourth  of  the  breadth,  the  measurements  being  1*75  millim.  and  7  millim.  re- 
spectively. The  actual  measurement  of  height  remains  constant  up  to  the  apex,  but 
the  breadth  diminishes  step  by  step  on  the  abactinal  surface  until  at  the  third  coronal 
plate  from  the  apex  the  breadth  and  the  height  are  nearly  the  same,  viz.  1-76  millim. 
The  plates  at  the  ambitus  bear  one  primary  tubercle,  larger  than  the  rest,  and  placed 
slightly  on  the  outer  side  of  the  middle  line  of  the  plate  ;  and  this  tuberclo  is  the  only 
one  whose  series  forms  a  continuous  vertical  row  extending  from  the  apex  to  the 
peristome,  the  size  being  maintained  throughout,  and  is  a  little  larger  than  the  primary 
tubercles  on  the  ambulacral  plates,  but  similar  in  character.    On  the  inner  side  of  this 
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tubercle,  on  the  plates  at  the  ambitus,  there  are  two  other  primary  tubercles,  that 
next  to  the  large  one  first  noticed  being  slightly  smaller,  and  the  one  nearest  the  inner 
end  of  the  plate  still  smaller.  The  small  inner  tubercle  is  not  found  on  more  than 
five  or  six  plates  above  the  ambitus,  and  the  one  next  to  the  large  tubercle  does  not 
extend  to  the  apex,  but  is  reduced  to  little  more  than  a  granule  when  it  reaches  the 
upper  part  of  the  area.  On  tho  outer  sido  of  the  large  primary  tubercle  are  two 
moderate-sized  secondary  tubercles,  placed  vertically  in  relation  to  one  another ;  and 
the  scries  formed  by  these  extend  nearly  to  the  apex.  On  the  plates  immediately  at 
the  ambitus  there  are  frequently  two  similar,  vertically  placed,  but  smaller,  tubercles, 
standing  between  the  first-mentioned  pair  and  the  poriferous  zone,  and  close  to  the 
latter ;  sometimes,  however,  there  is  only  one.  These  small  secondaries  do  not  extend 
much  above  the  ambitus,  though  a  small  granule,  usually  standing  opposite  the  end  of 
the  adoral  primary  plate  of  an  ambulacral  plate,  is  so  placed  that  it  might  be  ranked 
in  this  series ;  but  this  is  by  no  means  regular  in  its  occurrence,  and  does  not  extend 
much  further  than  midway  between  the  ambitus  and  the  apex.  A  line  of  small 
mammillated  granules,  rather  widely  spaced,  stands  close  to  the  aboral  margin  of  the 
plate,  indeed  so  close  that  frequently  a  part  of  the  boss  appears  to  be  cut  away,  and  a 
somewhat  crenulatc  character  is  thus  imparted  to  the  margin  of  the  plate.  A  few  very 
minute  miliary  granules  surround  the  scrobicule  of  the  largo  primary  tubercle,  and  a 
granule  of  irregular  occurrence  may  stand  opposite  the  interspaces  between  tubercles, 
near  the  adoral  margin  of  the  plate. 

Apical  disk  and  peristome  unknown. 

Remarks.  At  first  sight  this  species  suggests  an  affinity  to  the  form  we  have 
named  Grammechinus  regularis  from  the  Miocene  of  Kattywarf,  on  account  of  the  line 
of  granules  abutting  on  the  aboral  suture  of  the  interradial  plates,  and  appearing  as  if 
partially  cut  away.  On  closer  observation,  however,  the  tuberculatum  and  the 
character  of  the  two  forms  are  gencrically  different,  and  we  see  no  reason  for  removing 
the  species  under  notice  from  the  genus  Echinus. 

Dimetisiotis.  The  greatest  diameter  of  our  type  specimen  is  35  millira.,  but  is  some- 
what affected  by  crushing  ;  from  the  same  cause  it  is  impossible  to  give  the  true  height 
of  the  test:  in  its  present  condition  it  measures  about  17  millim. 

Localities.  In  the  Gaj  series  of  strata : — 

i.  North  of  Babba  band,  five  miles  east  of  Kadeji.    Survey-number  G 

ii.  Scarp  of  the  Mol  Plateau,  west  of  Kund  (the  same  scarp  as  G  ^?).  Survey- 
number  G 

The  specimen  from  the  latter  locality  is  a  fragment  in  a  very  bad  state  of  preser- 
vation and  scarcely  determinable ;  it  is  therefore  referred  to  the  spocies  with  doubt. 

Illustrations  of  the  Species  in  Plate  XLIX. 
Fig.  5.  Abactinal  view  of  the  test :  natural  size. 

6.  Ambulacral  and  interambulacral  plates  a  little  above  the  ambitus :  mag- 
nified. 

t  Tert.  Fo».  Echin.  Kackh  and  Katt)  war,  p.  82,  pL  xiii.  figa.  7  &  8. 
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Order  EC  H  IN  0  IDE  A  EXOCYCLICA. 

Suborder  GNATHOSTOMATA. 
Family  CLYPEA8TMD2R. 

Subfamily  EUCLYPEA£T1UN<£. 

Genus  CLYPEASTER,  Lamarck,  1801. 

The  types  of  MM.  d'Archiac  and  Haime's  Clypeaster  profundus  and  C.IIalaenis, 
which  are  preserved  in  the  collection  of  the  Geological  Society  of  London,  are  worthless, 
weather-worn  specimens  upon  which  it  is  scarcely  possible  to  base  any  critical  determi- 
nation. They  are  valueless  in  a  case  of  specific  comparison,  and  we  shall  therefore  not 
attempt  one  in  the  present  instance. 

Amongst  the  gTeat  number  of  examples  of  Clypeaster  obtained  by  the  Survey 
from  the  Gaj  strata  in  Sind,  there  is  a  large  series  which  we  consider  to  belong  to  one 
species,  notwithstanding  the  excessive  amount  of  variation  occurring  within  its  limits. 
The  study  of  the  recent  species  of  Clypeaster  has  taught  us  how  great  the  modification 
of  external  form  in  this  group  may  be ;  and  it  is  therefore  uot  astonishing  to  find  a 
similar  plasticity  of  habit  in  the  series  of  fossils  referred  to:  although  in  the  present 
instance  it  is  carried  to  such  a  degree  that  scarcely  two  examples  precisely  alike  could 
be  selected  from  a  series  of  over  fifty  specimens. 

It  is  our  opinion  that  the  two  species  of  d'Archiac  and  Haimc  referred  to  above, 
are  both  immature  forms,  which  would  take  their  place  in  the  series  under  notice,  if 
the  types  were  good  enough  for  comparison.  On  these  grounds  we  propose  to  describe 
the  mature,  and  what  seems  to  us  characteristic,  form  of  the  series  in  question  under 
the  name  of  C.  profundus,  solely  from  our  wish  to  avoid  multiplying  names  unnecessarily 
and  our  unwillingness  to  rob  our  illustrious  predecessors  of  one  link  in  the  chain  which 
binds  their  names  to  posterity. 

1.  Cmteastrb  profundus  (d'Archiac),  Duncan  §•  Sladen.    Plate  L,  Figs.  1-4. 

Marginal  contour  subpentagonal  with  the  angles  rounded,  longer  than  broad  in 
the  proportion  of  1:0-913.  The  greatest  breadth  is  opposito  the  termination  of  the 
antero-laternl  petals ;  the  lateral  sides  are  very  faintly  incurved  as  they  contract  towards 
the  posterior  end,  whilst  the  margin  of  the  odd  posterior  interradium  is  rather  more 
decidedly  incurved.  At  the  margin  the  test  is  very  thin,  and  more  or  less  undulating 
in  consequence  of  being  slightly  tumid  in  the  prolongation  of  the  radial  areas ;  the 
abactinal  surface  passes  from  the  margin  with  a  very  gentle  slope  at  a  small  angle 
of  declivity,  until  it  reaches  the  extremity  of  the  ambulacral  petals,  where  it  rises 
abruptly  to  form  an  arched  dome  of  considerable  elevation,  which  comprises  the  whole 
region  of  the  petals.    Seen  in  longitudinal  profile,  the  posterior  declivity  of  the  dome 
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is  greater  than  the  anterior,  whilst  the  dope  of  the  test  from  the  dome  to  the  margin 
is  rather  more  rapid  anteriorly  than  posteriorly. 

The  apical  disk  is  subcentral,  or  very  slightly  excentric  in  front.  The  ambulacral 
petals  are  short,  wide,  petaloid,  very  full  and  widely  rounded,  almost  closed  at  the 
outer  extremity,  and  prominently  tumid.  The  odd  anterior  ambulacrum  is  slightly  the 
longest :  and  the  anterolateral  pair  are  subequal  to,  or  very  slightly  shorter  than,  the 
posterior  pair.  The  greatest  width  of  the  paired  petals  is  opposite  to,  or  even  a  little 
beyond,  the  commencement  of  the  outer  third,  and  is  proportional  to  the  length  as  5 :  8, 
the  actual  dimensions  of  the  postero-lateral  petal  in  the  example  under  description 
being  24  millim.  long,  and  its  greatest  breadth  15  millim.  The  poriferous  zones  are 
very  wide  on  the  outer  part  of  the  petal,  their  breadth  increasing  gradually  from  the 
apical  extremity  until  within  a  few  pairs  of  pores  of  the  outer  extremity,  the  latter 
diminishing  rapidly.  The  conjugating  furrow  which  unites  the  pores  of  a  pair  is  faint 
and  indistinct,  and  its  position  is  very  oblique  in  relation  to  the  zone,  the  degree  of 
obliquity  increasing  as  the  outer  extremity  is  approached,  until  the  outermost  pairs  of 
pores  are  nearly  parallel  with  the  median  axis  of  the  ambulacral  area.  The  intervening 
costae  are  low  and  rather  narrow,  and  are  ornamented  with  a  row  of  5  or  6  small  primary 
tubercles  widely  and  cquidistantly  spaced  amongst  the  close  granulation.  The  broadest 
part  of  the  poriferous  zone  is  4  millim.  and  is  wider  than  half  the  interporiferous 
area  at  that  place.  The  widest  part  of  the  interporiferous  area  is  nearer  midway 
between  the  extremities  and  measures  7-5-8  millim.  in  the  anterolateral  petals,  and  is 
a  trifle  broader  in  the  posterior  pair.  The  odd  anterior  petal  is  generally  similar  in 
detail  to  the  paired  petals  just  described,  excepting  that  it  is  not  so  full,  or  rounded  so 
abruptly,  at  the  outer  extremity.  The  distance  of  the  paired  petals  from  the  margin  is 
about  equal  to  their  own  length. 

The  interradial  areas  are  extremely  narrow  and  band-like  near  the  apex,  on 
account  of  the  expansion  of  the  petals.  The  ornamentation  of  the  interradia  and  inter- 
poriferous areas  consists  of  very  small  primary  scrobiculated  tubercles,  with  the  inter- 
spaces about  equal  to,  or  occasionally  very  slightly  greater  than,  the  diameter  of  the 
scrobicules,  the  interspaces  being  filled  with  small,  but  distinctly  spaced  and  definitely 
semiglobular,  uniform,  miliary  granules. 

The  actinal  surface  is  concave,  with  the  peristome  deeply  impressed ;  the  concavity 
commencing  very  near  to  the  margin  and  increasing  gradually  inwards,  the  surface 
lying  between  the  peristome  and  the  margin  being  individually  gently  convex.  The 
ambulacra  are  in  shallow  widely-expanding  grooves. 

The  periproct  is  small  and  perfectly  circular,  situated  rather  more  than  its  own 
diameter  away  from  the  margin. 

Remarks.  This  species  is  readily  distinguished  from  any  of  the  other  Indian  Cly- 
peasters  by  the  abruptly  elevated  dome-shaped  region  of  the  ambulacral  petals.  It  is 
perhaps  nearer  to  C.  Scillce,  Desmoulins,  trom  the  Miocene  of  Corsica  &c,  than  any 
other  form,  but  is  Yery  different.  In  C.  profundus  the  petals  are  shorter  and  further 
removed  from  the  margin,  the  elevated  abactinal  dome  more  prominent  aud  abrupt,  the 
margin  much  thinner,  with  its  contour  less  indented  in  the  interradia ;  and  finally  the 


OF  WESTERN  SIND. 


321 


actinal  surface  is  much  more  widely  concave,  and  not  plane  with  a  sudden  depression  to 
the  peristome  as  in  C.  Scilla. 

Variations.  We  have  already  remarked  on  the  amount  of  variation  that  occurs 
within  the  limits  of  the  large  series  of  specimens  which  we  regard  as  belonging  to  this 
species.  The  variation  chiefly  affects  the  marginal  contour,  the  degree  of  convexity  of 
the  abactinal  surface,  and  the  character  of  the  interporifcrous  area  of  the  petals.  The 
marginal  contour  is  more  definitely  pentagonal  and  broader  in  some  examples,  more 
elongate  and  produced  anteriorly  and  with  a  tendency  to  asuboval  form  in  others;  and 
the  amount  of  interradial  incurvature  is  likewise  variable.  The  distinctness  and  the 
amount  of  elevation  of  the  abactinal  dome  is  much  greater  in  some  examples  than 
in  others,  and  this  apparently  irrespective  of  age.  In  others,  again,  the  distinct  character 
and  abrupt  rising  of  the  "  dome  "  is  more  or  less  merged  in  the  general  convexity  of  the 
abactinal  area.  The  amount  of  tumidity  of  the  interporiferous  area  of  the  ambulacral 
petals  is  also  subject  to  variation,  and  appears  to  bo  proportionately  less  in  small  speci- 
mens. It  may  here  be  mentioned  that  there  are  about  half  a  dozen  medium-sized 
examples,  the  largest  72  millim.  in  length,  from  different  localities,  in  which  the  inter- 
poriferous areas  are  comparatively  narrow  and  in  which  the  tumidity  is  almost,  and  in 
some  cases  quite,  wanting.  After  carefully  studying  the  material  at  our  disposal,  how- 
ever, we  do  not  feel  warranted  in  removing  these  examples  from  the  present  species,  as 
intermediate  forms  may  easily  be  selected.  We  consider  it  probable  that  one  of 
d'Archiac  and  Haime's  forms  would  rank  along  with  these  just  mentioned,  whilst  the 
figure  of  C.  profundus  given  in  the  Anim.  foss.  de  1'Inde  (pi.  xiv,  fig.  la  and  lb)  well 
represents  the  variety  under  notice.  C.  Halaensis  \a  also  an  immature  form  in  which 
the  petaloid  tumidity  is  developed  ;  and  it  is  only  just  to  observe  that  MM.  d'Archiac 
and  II aim e  themselves  appear  to  have  had  doubts  (loc  cit.  p.  208)  as  to  the  reality  of 
the  difference  of  this  species  from  C.  profundtts.  It  should  here  be  remarked  that  in 
quite  young  examples,  28-40  millim.  in  length,  which  we  consider  to  belong  to  this 
species,  the  tumidity  of  the  petals  is  rarely  ever  present,  and  then  only  in  a  very  feeble 
degree ;  whilst  from  the  general  form,  character,  and  occurrence  of  these  small  tests 
we  have  no  hesitation  in  referring  them  to  the  scries  under  notice. 

Dimensions.  Length  of  the  test  92  millim.,  breadth  84  millim.,  height  24  millim. 

Localities.  In  the  Gaj  series  of  strata  :— 

i.  Mylar  scarp,  llabb  valley.    Survey-number  G  'ft4. 

ii.  Scarp  of  the  Mol  Plateau,  west  of  Kund  (the  same  scarp  as  G  Survey, 
number  G  +. 

iii.  Scarp  at  Ktipo-jo-lak,  or  pass  on  the  Mdl  range,  west  of  Shdh-beg  (same  locality 
as  G  V»Q)-    Survey-number  G 

iv.  Ten  miles  north  of  Shah-beg.    Survey-number  G 

v.  About  three  miles  south-east  of  T6ng.    Survey-number  G 

vi.  Four  miles  south-west  of  Beynfr  Hill.    Survey-number  G  ^V- 

vii.  Bcarp  six  miles  south-east  of  Shdh-beg.    Survey-number  G 

t  Tbi*  specimen  i*  marked  0  Vr  ;  aa  do  rach  Survey-number  occur*  in  Um>  li»t  of  Gaj  spec)  men*,  it  it 
probably  an  error  of  the  marker,  intended  for  U 
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viii.  Upper  portion  of  scarp  four  miles  west  of  Trak  Hill.    Survey-number  G  A$l. 

ix.  Naig-Nai  valley,  twelve  miles  south  of  Shah  Hhui.    Survey-number  G 

x.  Ravine  on  the  south-east  of  Bill,  twelve  miles  north  of  Shah-beg  (about  80  feet 
below  the  coral  zone).    Survey-number  G 

xi.  A  few  miles  south  of  Pir  Mangal  (Mugger  Peer).    Survey-number  G  J^\4. 

xii.  Entering  the  hills  on  the  road  from  Jangri  to  Bula  Khan's  Tbana.  Survey- 
number  G  W- 

xiii.  Eight  miles  south  of  Jangri,  east  side  of  the  Surjana  range.  Survey-number 


xiv.  Hills  cast  of  Thana  Shah-beg  (neariagPani  gumbok  from  the  west,).  Survey- 
number  G 

xv.  Six  miles  east-north-east  of  Karachi.    Survey-number  G  JIVl  f. 

xvi.  Amra  Hill,  Barri  Nai,  Shikapur  district.    Survey-number  G 

xvii.  Pir  Gaji,  west  of  Sehwan.    Survey-number  G 

xviii.  Tandra  Rahim  Khan,  west  of  Sehwan.    Survey-number  G 

xix.  Nine  miles  north-west  of  the  town  of  Karachi.    Survey-cumber  G  ^  %, 


Fig.  1.  Abactinal  view  of  the  test :  natural  size. 

2.  Longitudinal  profile  of  the  same :  natural  size. 

3.  An  ambulacral  petal :  magnified. 

4.  Ornamentation  of  the  interradial  plates  on  the  abactinal  surface:  magnified. 

2.  Clypeastbr  I'ulvinatis,  Duncan  <£•  Sladen.    Plate  U  Figs.  5  &  6. 

Marginal  contour  elongately  subpentagonal,  with  the  angles  tumid  and  rounded, 
and  the  intervening  areas  more  or  less  incurved.  The  length  is  proportional  to  the 
breadth  as  1  :  0  773,  and  the  breadth  opposite  the  extremities  of  the  anterior  pair 
of  petals  is  about  equal  to  that  opposite  the  extremities  of  the  posterior  pair.  The 
lateral  sides  are  distinctly  incurved,  and  also  the  posterior  margin,  but  to  a  less  degree. 
The  anterior  margin  has  a  rather  arched  or  produced  appearance,  converging  as  it 
proceeds  forwards,  and  the  incurring  of  the  anterior  iuterradia  is  scarcely  perceptible. 
The  margins  arc  very  thick  aud  tumid,  especially  in  the  radial  regions.  The  abactinal 
Burface  is  subdepressed,  but  is  slightly  convex  in  the  region  of  the  petals,  and  the  latter 
havo  also  a  more  or  less  tumid  tendency.  In  the  interradia,  at  a  little  distance  from 
the  margin,  there  is  a  slight  concavity  which  emphasizes  the  tumidity  of  the  margin  as 
well  as  the  convexity  of  the  central  area.  Seen  in  longitudinal  profile  the  anterior 
slope  is  much  less  rapid  than  the  posterior,  and  the  anterior  margin  is  also  much  thicker. 

The  apical  disk  is  subcentral.  The  ambulacral  petals  are  long  and  broad, 
lanceolate,  rather  widely  open  at  the  outer  extremity.  The  odd  anterior  petal  and  the 
posterior  pair  are  nearly  equal  in  length,  and  the  anterior  pair  are  slightly  shorter. 

t  A  very  young  example,  nearly  hidden  in  matrix,  which  may  not  belong  to  this  species. 
J  A  tingle  specimen  in  bad  condition  and  more  or  less  doubtful. 


GW- 


Illustrations  of  the  Species  in  Plate  L. 


OF  WESTERN  SIND. 


323 


The  greatest  width  of  the  petals  is  about  midway  between  the  extremities,  and  is  pro- 
portional to  the  length  as  1 : 185,  the  actual  dimensions  of  the  postero-lateral  petal  in 
the  example  described  being  25  millim.  long  and  13  5  millim.  broad.  The  poriferous 
zones  are  very  wide  outwardly,  and  their  breadth  increases  step  by  step  until  within 
eight  to  ten  pairs  of  pores  from  the  extremity  ;  it  then  very  gradually  diminishes  until 
the  last  one  or  two  pairs  of  pores,  which  diminish  rapidly  and  give  a  somewhat  rounded 
character  to  the  termination  of  the  poriferous  zone.  The  inner  pores  are  round  and 
the  outer  pores  only  very  slightly  oval  or  subpyriform  near  the  outer  extremity  of  the 
petal ;  they  are  united  by  an  indistinct  and  shallow  conjugating  furrow,  and  the  inter- 
mediate costa?  are  ornamented  with  five  or  six  small  scrobiculated  tubercles,  closely  placed 
and  often  with  a  little  irregularity  in  their  disposition.  The  broadest  part  of  tho 
poriferous  zone  is  3'5  millim.  and  is  equal  to  half  the  breadth  of  the  interporiferous 
area  at  that  place.  The  widest  part  of  the  interporiferous  area  is  nearer  the  apex  than 
midway  between  the  extremities,  and  measures  9  millim.  or  a  fraction  less.  The  odd 
anterior  ambulacrum  is  similar  in  all  respect*  to  those  above  described,  the  length 
being  a  little  greater,  and  the  poriferous  zones  perhaps  not  attaining  quite  so  great  a 
breadth.  The  distance  of  the  |>aired  petals  from  the  margin  is  greater  than  half  their 
length,  but  in  the  case  of  the  odd  anterior  petal  the  distance  is  greater. 

Tho  interradial  areas  are  very  narrow  and  insignificant  on  quite  the  inner  half  of 
the  abactinal  area.  On  the  outer  portion  their  ornamentation  consists  of  small  scrobU 
culated  tubercles,  with  the  granular  interspace*  between  the  scrobicules  on  the  average 
not  greater  than  the  diameter  of  the  scrobicules.  At  the  margin  and  on  the  actinal 
surface  the  scrobicules  are  closely  placed  and  only  separated  by  a  narrow  dissepiment. 
On  the  interporiferous  areas  the  Bcrobicules  are  usually  separated  by  spaces  less  than 
their  own  diameter  in  width. 

The  actinal  surface  is  concave,  the  depression  commencing  at  a  little  distance  from 
the  tumidity  whioh  is  found  surrounding  the  margin,  and  continues  to  the  mouth 
without  curvature.  The  ambulacra  on  the  actiual  surface  are  in  rather  deep  well- 
defined  grooves. 

The  peristome  is  small  and  subcentral ;  the  periproct  small,  circular,  and  not  more 
than  its  own  diameter  distant  from  the  margin. 

Rrmarks.  In  general  appearance  this  species  looks  like  a  gigantic  C.  scutiformis, 
but  is  distinguished  from  that  form  by  its  more  pentagonal  marginal  contour,  by  the 
different  form  of  the  petals,  as  well  as  by  its  size. 

Dimensions.  Length  of  the  test  84  millim.,  breadth  65  millim.,  height  18  millim. 

Locality.  In  the  Oaj  series  of  strata :  Ravine  on  the  Bouth-east  of  B  11,  twelve 
miles  north  of  Shah-beg  (about  30  feet  below  the  coral  zone).    Survey-number  G  \%>. 

Illustrations  of  the  Species  in  Plate  L. 
Fig.  5.  Abactinal  view  of  the  test :  natural  size. 

6.  Longitudinal  profile  of  the  same  :  natural  size. 
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3.  Clyi-haster  FELViPORMis,  Duncan  &  Sladen.    Plate  L,  Figs.  7-9. 

Marginal  contour  suboval,  or  with  a  slight  pentagonal  tendency  in  large  specimens. 
The  posterior  angles  and  the  posterior  margin  are  rather  flatly  truncate,  whilst  the 
remainder  of  the  contour  is  well  rounded.  The  length  is  greater  than  the  breadth  in 
the  proportion  of  1 : 0  9,  and  the  greatest  breadth  is  opposite  the  termination  of  the 
antero-lateral  petals.  The  general  form  is  low  and  subdeprcssed,  but  the  margins  are 
thick  and  tumidly  rounded ;  and  the  abactinal  surface  rises  from  thence  to  the  apex, 
forming  a  slightly  conical  convexity  of  low  elevation  and  with  gentle  declivities. 

The  apical  disk  is  central.  The  ambulacral  petals  are  moderately  long  and  wide, 
petaloid,  suboval  in  contour,  and  rather  widely  open  at  the  outer  extremity.  There  is 
a  slight  depression  in  the  interradial  areas,  which  gives  a  faint  suggestion  of  tumidity 
to  the  petals;  although  strictly  these  cannot  be  described  as  tumid.  The  odd 
anterior  petal  and  the  postero-lateral  pair  are  subequal  in  length,  and  the  antero- 
lateral pair  are  slightly  shorter.  The  greatest  width  of  the  paired  petals  is  about 
midway  between  the  apex  and  the  extremities,  and  is  proportional  to  the  length  as 
11:20,  the  actual  dimensions  of  the  postero-lateral  petal  in  the  type  specimen  being 
20  millim.  long  and  its  greatest  breadth  11  millim.  The  poriferous  zones  arc  very 
wide,  and  the  breadth  increases  continuously  from  the  apex  up  to  within  9  or  10 
pairs  of  pores  from  the  extremity ;  5  or  6  pairs  of  pores  are  then  of  uniform  width, 
and  the  zone  is  terminated  by  only  3  or  4  much  narrower;  there  is  also  sometimes 
a  little  group  of  3-4  sporadic  spores  immediately  at  the  termination  of  one  of  the 
zones.  The  inner  pores  are  round,  and  the  outer  ones  slightly  larger  and  transversely 
oval,  their  elongation  being  greatest  on  the  outer  part  of  the  zone.  The  pores  of  a  pair 
are  united  by  a  distinct  conjugating  furrow,  the  intermediate  costa-  are  rather  broad, 
and  their  ornamentation  consists  of  two  or  three  widely-spaced  scrobiculate  tubercles 
with  granules  between.  The  broadest  part  of  the  poriferous  zone  is  3*5  millim.,  and  is 
nearly  two  thirds  of  the  width  of  the  interporiferous  area  at  that  place.  The  widest 
part  of  the  interporiferous  area  is  about  midway  between  the  extremities,  or  perhaps 
slightly  more  outward,  where  it  measures  G  millim.  The  odd  anterior  petal  is  similar 
in  all  respects  to  the  paired  petals  above  described,  but  is  perhaps  a  shade  narrower. 
The  distance  of  the  petals  from  the  margin  is  subequal,  and  is  approximately  about 
half  the  length  of  the  petal,  although  it  appears  much  less  on  account  of  the  rounding 
of  the  margin. 

The  interradial  areas  are  very  contracted  on  the  inner  half  of  the  abactinal  surface, 
the  length  of  the  eight  uppermost  plates  in  each  column  being  greater  than  their 
breadth.  The  ornamentation  consists  of  small  scrobiculate  tubercles  which  are  much 
more  widely  spaced  than  usual,  the  feature  being  at  once  conspicuous.  Very  frequently 
the  granular  interspaces  are  twice  the  width  of  the  diameter  of  the  scrobicules  and 
sometimes  more ;  the  scrobicules  are  less  regular  in  their  spacing,  and  have  somewhat 
of  a  sporadic  disposition.  The  scrobicules  of  the  interporiferous  areas  are  more 
closely  placed  than  in  the  interradial  areas,  but  are  less  numerous  than  usual. 

The  actinal  surface  is  deeply  concave  and  widely  basin-formed;  the  concavity 
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occupying  nearly  the  whole  of  the  actinal  surface,  its  margin  being  round  and  tumid 
and  confluent  with  the  margin  of  the  test.  The  ambulacral  grooves  are  feebly  defined 
and  do  not  extend  to  the  margin. 

The  peristome  is  unknown.  The  periproct  is  very  small,  and  its  distance  from  the 
margin  is  nearly  twice  its  own  diameter. 

Remarks.  This  species  is  readily  distinguished  from  its  congeners  by  the  broad 
petaloid  ambulacra,  by  the  slightly-convex  abactinal  surface,  the  thick  and  tumid 
margins,  the  deep  and  widely-concave  actinal  surface,  and  the  widely-spaced  scrobiculate 
tubercles. 

Dimensions.  Length  61  millim.,  breadth  65  millim.,  height  17-18  millim.  The 
large  example  drawn  in  Fig.  9  is  imperfect  in  length  and  height ;  its  greatest  breadth 
is  65  millim. 

Locality.  In  the  Gaj  scries  of  strata:  A  few  miles  south  of  Pir  Mangal  (Mugger 
Peer).    Survey-number  G  Aft*. 

Illustrations  of  the  Species  in  Plate  L. 

Fig.  7.  Abactinal  new  of  a  small  test :  natural  size. 

8.  Longitudinal  profile  of  the  same :  natural  size. 

9.  Actinal  view  of  a  larger  test :  natural  size. 

4.  Clypkasteb  ooMrLAN atus,  Duncan  &  Sladen.    Plate  L,  Figs.  10  &  11. 

Marginal  contour  subpentagonal,  with  the  three  anterior  angles  confluently 
rounded  so  as  to  form  an  arched  or  almost  semicircular  anterior  margin ;  whilst  the 
posterior  angles  are  rather  flatly  truncate  in  their  rounding.  The  length  is  greater 
than  the  breadth  in  the  proportion  of  1  :  0  911,  and  the  greatest  breadth  is  opposite 
the  extremity  of  the  anterolateral  petals ;  the  lateral  sides  are  straight  and  converge 
as  they  proceed  backwards ;  the  posterior  extremity  is  not  incurved  but  nearly  straight, 
faintly  undulating  on  account  of  a  slight  convexity  in  the  median  interradial  line,  on 
cither  side  of  which  there  is  a  very  slight  concavity.  The  general  form  is  flat  and 
depressed,  with  the  margins  thin,  and  the  abactinal  surface  sloping  from  the  very 
slightly  elevated  apex  at  a  low  angle  of  declivity,  the  lines  of  slope  as  seen  in  profile 
being  almost  straight,  and  the  apex  is  consequently  feebly  conical  or  peak-like. 

The  apical  disk  is  central.  The  ambulacral  petals  are  moderately  long  and  wide, 
petaloid,  with  a  comparatively  straight  appearance,  in  consequence  of  their  length  and 
the  rather  abrupt  rounding  at  the  outer  extremity ;  the  zones  do  not  close,  and  the 
areas  of  the  petals  arc  not  tumid.  The  paired  petals  are  subequal  in  length,  and  the 
odd  anterior  petal  is  a  little  longer.  The  greatest  width  of  the  paired  petals  is  about 
midway  between  the  extremities  nnd  is  proportional  to  the  length  as  19:  44,  the  actual 
dimensions  of  the  postero-lateral  petal  in  the  example  under  notice  being  22  millim. 
long  and  its  greatest  breadth  9  5  millim.  The  poriferous  zones  arc  very  wide  and  the 
breadth  increases  up  to  within  7  or  8  pairs  of  pores  from  the  extremity,  when  it 
diminishes  to  form  the  rounding  of  the  petal,  and  the  posture  of  the  pairs  of  pores  in 
relation  to  the  zone  becomes  at  the  same  time  more  oblique.    The  inner  pores  are 
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round  and  the  outer  much  larger  and  pyriform,  and  the  pairs  are  united  by  a  very 
faint  conjugating  furrow.  The  cosUe  intervening  between  successive  pairs  are  low  and 
rather  narrow,  and  are  ornamented  with  three  small  and  well-spaced  scrobiculated 
tubercles,  which  do  not  come  upon  the  part  that  separates  the  large  outer  pores, 
where  the  costa  is  very  narrow.  The  broadest  part  of  the  poriferous  zone  is  3  millim., 
and  is  very  nearly  as  wide  as  the  interporiferous  area  at  that  place.  The  widest  part 
of  the  interporiferous  area  is  midway  between  the  extremities,  where  it  measures  4  25 
millim.  The  odd  anterior  petal  is  similar  in  all  respects  to  the  paired  petals  above 
described,  except  that  its  outer  extremity  is  rather  fuller  and  more  abruptly  rounded. 
The  distance  of  the  anterior  pair  of  petals  from  the  margin  is  rather  less  than  two 
thirds  of  their  length,  and  the  distance  of  the  posterior  pair  is  rather  greater. 

The  interrarlial  areas  arc  very  faintly  tumid  or  subcarinate  on  the  inner  half  of 
the  abactinal  surface.  Their  ornamentation  consists  of  very  small  primary  scrobiculated 
tubercles,  the  intermediate  spaces,  which  are  covered  with  small  uniform  granules, 
being  usually  rather  greater  than  the  diameter  of  the  scrobicules.  The  ornamentation 
of  the  interporiferous  area  is  similar,  but  the  scrobicules  arc  more  numerous  and  more 
closely  placed,  and  there  is  a  general  tendency  to  confluence  in  the  intermediate 
granulation. 

The  actinol  surface  is  perfectly  plane,  being  abruptly  rounded  but  not  impressed 
at  the  peristome,  which  is  small,  circular,  and  subceutral.  The  ambulacra  are  in 
rather  deep  well-defined  grooves,  which  extend  nearly  to  the  margin. 

The  periproct  is  small  and  circular,  and  its  distance  from  the  margin  is  less  than 
its  own  diameter. 

Remarks.  This  species  is  distinct  from  its  congeners  and  other  Indian  forms  by  its 
great  depression,  by  its  marginal  contour,  by  the  form  of  its  petals,  and  by  the  flat  and 
unimpressed  actinal  surface.  It  comes  nearer,  perhaps,  to  C.  placunarius  (Lam.), 
Agassiz  (C.  humile,  Klein,  pars),  than  to  any  other  form,  but  is  much  more  depressed, 
and  with  the  abactinal  surface  more  conical  and  pointed  at  the  apex,  with  the  margin 
more  uniformly  rounded  and  with  no  reentering  curvatures,  and  with  the  petals  more 
widely  open  at  the  extremity. 

Dimensions.  Length  of  the  test  79  millim.,  breadth  72  millim.,  height  13  millim. 

localities.  In  the  Gaj  series  of  strata: — 

i.  Scarp  of  the  M61  Plateau,  west  of  Kund  (the  same  scarp  as  O  \%\).  Survey- 
number  G 

ii.  Scarp  at  Kupo-jo-lak,  or  pass  on  the  M61  range,  west  of  Shdh-beg  (same 
locality  as  G  \*?).    Survey-number  G 

iii.  Four  miles  west  of  Bcynir  Hill.    Survey-number  G 

iv.  Gandak  Hill,  near  Thado.    Survey-number  G 

v.  Hill  near  Giaibi,  on  the  Baran  Iliver,  south-east  of  Tong.  Survey-number 


Illustrations  of  the  Species  in  Plate  L. 

Fig.  10.  Abactinal  view  of  the  test:  natural  size. 
11.  Actinal  view  of  the  same :  natural  size. 
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6.  Clypeastkk  dkprkssus,  Sowerby. 

This  species  was  described  by  Sowerby  in  Grant,  Trans.  Geol.  Soc.  ser.  2,  vol.  v. 
pt.  2,  and  we  noticed  it  in  the  description  of  •  The  Fossil  Echinoidea  of  Kachh  "  in 
1883,  p.  58.  It  is  a  common  Miocene  form  in  Kachh,  and  there  is  a  well-marked 
specimen  in  the  Gaj  deposits.  We  do  not  figure  the  form,  as  the  drawing  on  Plate  X, 
Figs.  5-9,  in  the  Kachh  Echinoidea  will  suffice. 

Locality.  Gaj  series  or  Miocene  of  Sind :  About  three  miles  south-east  of  T6ng. 
Survey-number  G 


Family  SCUTELLIDjE. 

The  test  is  reduced  to  its  extreme  flatness  among  the  Clypeastroids ;  the  outline 
is  more  or  less  circular  and  is  frequently  cut  at  the  margin  or  perforated,  so  as  to  form 
ambulacral  cute  or  lunules.  The  ambulacral  furrows  on  the  actinal  side  are  more  or 
less  branching  and  anastomose,  spreading  over  to  the  interradial  spaces.  Connection 
between  the  upper  and  lower  floors  of  the  test  is  by  radiating  fan-shaped  partitions, 
coming  from  single  points.  The  tubercles  of  the  upper  and  lower  surfaces  of  the  test 
as  well  as  the  spines  which  they  carry  differ  much  in  size.  The  rotulse  of  the  dental 
apparatus  are  absent  and  the  auricles  are  low.    The  teeth  are  more  or  less  horizontal. 

Genus  ECIIINODISCUS,  lireyn.,  amended  A,  Agassiz,  1872. 

This  genus  was  established  by  Breynius  in  1732,  but  A.  Agassiz  so  modified  the 
scope  of  it  in  his  '  Revision '  that  it  is  no  longer  correct  to  add  the  name  of  the  original 
founder  to  a  description  which  differs  considerably  from  that  which  he  gave.  As  we 
have  already  stated  in  our  Monograph  of  the  Tertiary  Echinoidea  of  Kachh  and 
Kattywar  (' Falscontologia  Indica'),  the  genus  as  now  defined  contains  the  genera 
Lvbophora  and  Amphiope.  It  is  one  of  the  family  of  the  Scutellidce,  Agassiz,  amended 
by  his  son  in  the  revision  of  the  genera,  1872-74. 

The  following  arc  the  essential  points  in  the  diagnosis  of  the  genus  according  to 
A.  Agassiz  (Revision,  &c.  p.  531): — 

The  test  is  more  depressed  than  in  the  other  Sculellidie  and  is  thin ;  anterior  edge 
rounded,  posterior  truncated.  There  are  two  lunules,  or  cute,  corresponding  to  the 
posterior  ambulacra.  Ambulacral  petals  small  and  well  limited.  Four  genital  pores. 
Lower  surface  flat,  and  the  furrows  ramify  but  little  towards  the  exterior  edge.  Anus 
nearer  the  posterior  edge  than  to  the  peristome.  The  greater  part  of  the  test  is 
occupied  by  a  calcareous  network  rising  into  pillars  for  more  than  half  the  distance 
between  the  edge  and  the  peristome,  internally  leaving  the  central  part  more  or  less 
covered  by  a  delicate  tracery  of  limestone  cells  into  which  the  appendages  of  the 
alimentary  canal  are  received.  No  pillars  or  partitions  separate  the  buccal  cavity  from 
the  alimentary  canal. 
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1.  Echikodiscus  Dbsori,  Duncan  &  Sladen,  1883.    Plate  LI,  Figs.  1  &  2. 

This  species  was  described  in  the  Monograph  of  the  Tertiary  Echinoidea  of  Kachh 
and  Kattywar  (Pal.  Indica,  Ser.  XIV.  p.  CO,  1883),  and  was  figured  on  plate  xii.  of  that 
work. 

This  Miocene  species  is  not  common  in  the  Gaj  deposits,  and  there  are  some 
forms  which  we  cannot  but  consider  as  the  adults  of  the  species  with  some  variation  in 
their  shape. 

In  the  type  from  Kachh  the  anterior  petal  is  longer  and  narrower  than  the  antero- 
lateral, the  two  lunules  are  elliptical  in  outline  and  they  are  narrow,  the  long 
diameter  being  not  quite  three  times  the  breadth.  The  anterior  margin  is  faintly 
indented  and  the  test  is  broadest  on  a  line  with  the  distal  ends  of  the  posterior  ambu- 
lacra. The  breadth  of  the  test  is  greater  than  the  length,  and  there  is  a  decided 
narrowing  in  front  and  a  broadening  out  behind.  The  actinal  grooves  are  broad  and 
shallow ;  they  bifurcate  near  the  mouth-curve  symmetrically,  and  enclose  rather  long 
spaces.  Each  groove  has  a  raised  ridge  on  its  floor  near  the  peristome,  which  ends  in 
a  slight  swelling  perforated  by  two  tentacular  pores. 

A  small  specimen  from  the  Gaj  deposits  is  figured  on  Plate  LI,  Fig.  1,  and  an 
outline  is  given,  Fig.  2,  of  a  small  form.  In  both  the  convexity  of  the  test  posteriorly 
is  shown,  and  it  will  be  observed  that  there  is  some  difference  in  the  dimensions  of  the 
lunules.  The  length  and  the  breadth  of  the  form  represented  by  Fig.  1  are  c^ual,  but 
the  breadth  of  the  form  of  Fig.  2  is  normal,  and  the  breadth  is  greater  than  the  length. 
The  figures  are  natural  size,  and  the  specimens  came  from  the  Mioceno  or  Gaj  deposits 
of  Sind. 

Locality.  Four  miles  south-west  of  Beynir  Hill.    Survey-number  G  34°3*. 

Illustrations  of  the  Species  in  Plate  LI. 
Fig.  1.  The  abactinal  view  of  a  test:  natural  size. 
2.  Outline  of  a  test :  natural  size. 

There  is  a  well-marked  variety  of  the  species  which  we  have  drawn  on  Plate  LI, 
Fig.  3.  The  test  is  slightly  broader  than  the  tyi>e,  the  petals  are  subequal,  and  the 
posterior  edge  of  the  test  is  almost  straight.  The  general  shape  of  the  type  is  not 
much  altered,  the  lunules  are  of  the  same  shape  and  the  test  is  of  tho  same  great 
tenuity.  The  variety  brings  the  type  in  close  alliance  with  Echinodiseus  biforis, 
A.  Agass.,  a  recent  form  from  the  Red  Sea  and  East-African  coast. 

Illustrations  of  the  variety  in  Plate  LI. 
Fig.  S.  The  test:  natural  size. 

EcniNODiscus  Desori,  Duncan  &  Sladen,  variety.    Plate  LI,  Figs.  4,  5,  6,  8,  9, 12. 

This  variety  has  all  tho  characters  of  the  species,  and  the  test  is  also  nipped  in 
anteriorly  to  the  widest  part,  so  as  to  give  more  or  less  of  a  trifoliate  appearance. 
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Locality.  Gaj  aeries  or  Miocene  of  Sind :  Hills  E.  of  Thana  Shah-beg.  Survey 
number  G  Vol?- 

Illustration*  of  the  Species  (variety)  in  Plate  LI. 
Fig.  4.  Actinal  surface :  natural  size. 

5.  Abactinal  view :  natural  size. 

6.  A  lunule  seen  from  the  actinal  side  :  magnified. 

8.  A  view  of  the  crushed  jaws  and  supporting  internal  structures. 

9.  Another  view :  slightly  magnified. 

12.  A  view  of  a  side  of  a  broken  piece  of  the  test  of  a  large  form,  showing 
the  sides  of  the  supporting  plate  and  a  few  pillars. 

2.  EciilNODisous,  sp. 

A  much  mutilated  pair  of  specimens  of  considerable  dimensions  are  to  be  seen  in 
the  collection  from  the  Gaj  deposits.  One  of  the  specimens  has  a  part  of  two  small 
oval  lunules,  each  of  which  was,  when  perfect,  about  one  half  of  the  size  of  a  petal. 

The  test  is  broader  than  long,  rounded  and  slightly  notched  in  front,  broadest 
behind  the  antero-lateral  petals,  and  with  a  very  low  and  depressed  test,  there  being 
hardly  any  rise  from  the  excessively  thin  edge  to  the  apical  system.  The  anterior 
petal  is  the  longest,  and  the  apical  system  is  large.  The  four  generative  pores  are 
beyond  the  basal  plates.  Actinally  the  test  is  nearly  flat,  but  no  details  can  be  made 
out.  On  the  whole  the  resemblance  is  to  Echinodiscua  Lesori,  but  the  lunules  differ 
in  shape.    The  breadth  of  the  test  was  nearly  90  millim.  and  the  length  was  less. 

Locality.  Gaj  series  or  Miocene  of  Sind :  Four  miles  S.W.  of  Beynir  Hill,  and 
three  miles  S.E.  of  Tong.    Survey-number  G        and  G  W« 

3.  Eciiinodiscits  placekta,  Duncan  <£  Sladen.   Plate  LI.  Fig.  7,  Plate  LII,  Figs.  1-3,  8. 

The  test  is  broadly  ovoid,  broadest  behind  on  a  level  with  the  end  of  the  apical 
one  third  of  the  posterior  ambulacra,  nearly  semicircular  behind,  and  narrowing 
gradually  in  front  so  as  to  be  bluntly  pointed  anteriorly  where  there  is  a  (shallow 
incurvation.  The  length  is  91  millim.,  and  the  breadth  is  85  millim.  The  test  has  very 
sharp  margins,  a  flat  actinal  surface,  and  the  height  is  exceedingly  small  for  the  size, 
being  at  the  most  8  millim. 

The  apical  system  is  large  and  slightly  excentric  in  front ;  the  generative  pores  are 
beyond  the  basal  plates  and  the  optic  pores  are  indistinct.  The  madreporite  is  central. 
The  anterior  petal  is  the  longest  and,  like  the  others,  is  not  quite  closed.  The  rosette 
is  about  the  length  of  a  petal  from  the  side  of  the  test,  and  the  posterior  petals  are  at 
a  greater  distance,  there  being  a  lunule  in  a  line  with  each  towards  the  margin.  There 
is  much  surface  between  the  petals  and  the  margin  of  the  test.  The  lunules  are  two 
in  number,  one  in  each  posterior  arabulacral  space.  They  are  large  and  1 1  millim.  in 
length  and  7  millim.  in  breadth.  They  are  therefore  broadly  elliptical  in  shape  and  are 
about  half  their  length  from  the  posterior  margin.  The  amount  of  interradial  space 
is  considerable,  and  there  is  only  the  slightest  rise  from  the  margin  of  a  space  to  the 
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apical  system.  The  plates  of  the  ambulacra!  petals  arc  very  numcrotu,  the  inner  pores 
are  in  broad  ellipses,  the  outer  are  long  and  narrow.  But  the  plates  of  the  interradia 
are  largo  and  have  a  remarkable  contour  near  the  apical  system.  The  adoral  and 
aboral  edges  of  the  coronal  plates  are  not  transverse  to  the  median  interradial  line,  but 
oblique,  and  they  are  not  straight,  but  are  in  curves,  with  the  convexity  adorally ;  more- 
over the  median  sutural  lines  are  in  bold  curves,  so  that  the  appearance  of  the  plates 
is  that  of  imbricating  scales.  There  was,  however,  no  overlap.  See  Fig.  7  on 
Plate  LI. 

Unfortunately  the  under  surface  of  the  test  is  eroded.  The  internal  structure  of 
the  test  is  indicated  on  the  worn  upper  surface,  where  the  peculiar  markings  bo 
characteristic  of  the  genuB  are  well  seen. 

Locality.  Gaj  series  or  Miocene  of  Sind :  Naig-Nai  valley,  twelve  miles  S.  of  Shah 
Rhiii.    Survey  number  G 

Illustrations  of  the  Species  in  Plates  LI  and  LI  I. 
Plate  LI. 

Fig.  7.  Portion  of  an  interradium  and  of  ambulacra:  slightly  magnified. 

Plate  Lit. 

Fig.  1.  The  test:  natural  size. 

2.  Apical  system :  magnified. 

3.  Part  of  an  ambulacrum :  magnified. 

8.  A  portion  of  an  ambulacrum  and  lunule :  slightly  magnified. 

The  shape  of  this  specie*  is  very  characteristic,  and  its  great  expansion  and  very 
depressed  form  are  extreme  in  the  genus. 

The  lunules  are  very  broad  and  the  form  is  unlike  any  recent  kind. 

The  next  two  species  of  Echinodiscus  belong  to  quite  a  different  series,  for  they 
are  either  almost  circular  or  ovoid  in  shape,  with  the  greatest  width  in  front. 

4.  Echinodiscus  ellipticcs,  Duncan  Je  Sladen.    Plate  U,  Fig.  11. 

The  test  is  exceedingly  flat,  nearly  circular,  being  68  millim.  in  length  and  66  millim. 
in  breadth.  The  apical  system  is  only  very  slightly  excentric  in  front  and  is  sub-central. 
The  petals  are  subequal,  rather  narrow,  and  are  very  slightly  swollen.  The  rosette 
occupies  38  millim.  of  tho  66  millim.  of  the  breadth. 

There  are  two  lunules  and  they  are  long  elliptical  in  shape. 

The  anterior  margin  of  the  very  thin  test  is  slightly  incurved  and  the  posterior 
appears  to  have  been  rounded  off. 

Locality.  Gaj  scries  or  Miocene  of  Sind :  Scarp  of  the  M61  Plateau,  W.  of  Kund. 
Survey-number  G 

Illustration  of  the  Species  in  Plata  LI. 
Fig.  11.  The  test :  natural  size. 
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5.  EcniNODistTB  elonoatus,  Dttncan  d-  Sladen.    Plate  LI,  Fig.  10. 

The  test  is  very  low,  thin,  longer  than  broad,  more  sharply  rounded  at  the  anterior 
margin  than  at  the  posterior,  where  it  is  nearly  straight  and  broadest  in  front  of  the 
anterolateral  petals. 

Apical  system  slightly  excentric  in  front,  system  large,  hexagonal,  and  the  generative 
pores  at  the  angles  and  beyond  them.  The  ambulacra  are  subequal,  broad,  and  the 
posterior  pair  are  close  together  at  the  apex.  Poriferous  zones  nearly  closed,  and  the 
interporiferous  areas  are  well  developed.  The  ends  of  the  lateral  ambulacra  are  not 
quite  their  own  length  from  the  margin  of  the  test,  and  the  rosette  is  small.  There  is 
a  long  narrow  lunulc  in  each  posterior  ambulacral  tract,  and  the  length  is  nearly  that 
of  the  petal,  from  which  it  is  only  separated  by  a  very  short  distance. 

The  interradia  are  large  and  their  plates  have  the  same  adoral  curving  and  median 
curving  also  which  have  been  noticed  iu  the  instance  of  Echinudiscus  placenta,  nobis, 
and  figured  on  Plate  El,  Fig.  7.  The  leugth  of  the.  specimen  is  47  millim.,  and  the 
breadth  40  millim. 

Locality.  The  Gaj  series  or  Miocene  of  Sind :  Naig-Nai  valley,  twelve  miles  S. 
of  Shah  Rhui.    Survey-number  G  s4<o*. 

Illustrations  of  the  Species  in  Plate  LI. 
Fig.  10.  The  test  in  outline:  natural  size. 

6.  EcHiNODisctrs,  sp.    Plate  LI  I,  Figs.  4-7. 

A  large  form,  the  details  of  which  are  not  sufficiently  preserved  to  enable  a 
specific  diagnosis  to  be  made,  is  in  the  collection  from  four  miles  S.W.  of  Beyiilr  Hill 
Survey-number  G 

The  distinctive  character  is  the  slight  dome  shape  and  the  evident  slight  hollowing 
out  of  the  well-marked  actinal  surface.  The  edge,  however,  is  thin.  The  apical  disk 
is  large,  and  one  of  the  subequal  petals  is  27  millim.  long.  The  lunules  are  not 
preserved. 

Illustrations  of  the  form  in  Plate  L1I. 

Fig.  4.  The  abactinal  view  :  natural  size. 

5.  Actinal  view. 

6.  A  part  of  the  abactinal  surface :  magnified. 

7.  Surface  of  a  test,  showing  the  tops  of  the  supporting  structures. 

A  fragment  in  the  collection  leads  to  the  inference  that  there  are  some  very  large 
forms  of  Echinodiscus  in  the  Miocene  of  Sind,  for  the  petal  of  one  is  35  millim.  in  length 
and  14  millim.  in  breadth. 
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Suborder  ATELOSTOMATA. 
Family  CASSID  ULIDM. 

Subfamily  ECUINOLAMPINJS. 

Genus  ECHINOLAMPAS,  Gray,  1825. 

1   Echinolampas  Jacquemoxti,  d'Arcfiiac  tt  Haime.    Plate  LI II,  Figs.  1-14. 

Test  of  moderate  size.  Marginal  contour  subovoid,  well  rounded  in  front  and 
sometimes  rather  flattened,  the  sides  expanding  gradually  with  a  gentle  curve  up  to  the 
posterior  part  of  tho  lateral  interradia,  where  the  greatest  breadth  is  situated,  and  the 
margin  then  contracts  with  comparative  rapidity  to  form  a  more  or  less  distinctly  rostrate 
posterior  extremity.  The  breadth  is  rather  more  than  four  fifths  of  the  length  (82-85 
pr  cent.),  the  disparity  being  usually  less  in  smaller  examples.  The  apical  disk, 
which  is  excentric  in  front  and  corresponds  with  the  apical  summit  of  the  test,  is  distant 
from  the  anterior  extremity  a  little  less  than  two  fifths  of  the  length.  The  height  of 
the  abactinal  surface  shows  considerable  variation,  ranging  from  rather  more  than  two 
fifths  to  rather  more  than  one  half  the  length.  Seen  in  longitudinal  profile,  the 
abactinal  outline  presents  in  some  forms  a  rather  flat  couvexity,  whilst  in  others  there 
is  a  more  or  less  conspicuous  tendency  towards  a  conoid  elevation  in  the  region  of  the 
apex,  the  posterior  slope  in  cither  case  being  gentle  until  it  takes  a  well-rounded,  or 
rather  rapid,  curve  over  the  posterior  rostration ;  the  anterior  slope  is  more  rapid,  and 
the  margin  is  high  and  tumid.  The  lateral  margins  are  thick,  tumid,  and  well  rounded 
on  to  the  actinal  surface,  which  also  has  a  tumid  character  in  consequence  of  the  slight 
but  distinct  depression  around  the  peristome. 

The  apical  disk  is  small,  and  there  are  four  genital  pores,  which  are  of  compara- 
tively laTge  size  and  occupy  nearly  the  whole  of  their  plate ;  the  anterior  pair  arc  rather 
closer  together  than  the  posterior  pair.  The  ocular  plates  are  small  and  elongate 
transversely,  and  their  pores  are  very  minute ;  the  posterior  are  distinctly  nearer 
together  than  the  anterior  pair,  and  are  separated  by  a  more  or  less  definite  extension 
of  the  central  madreporic  plate,  which  is,  however,  more  distinctly  prolonged  in  some 
examples  than  in  others.  The  whole  of  the  central  portion  is  occupied  by  the  mudre- 
poiiform  body,  the  punctures  of  which  arc  very  small  and  numerous ;  the  surface  is 
often  distinctly  convex,  and  minute  miliary  granules  are  distributed  irregularly  over  it. 

The  ambulacral  petals  arc  comparatively  small,  and  though  narrow,  are  very 
definitely  petaloid,  expanding  rather  rapidly  for  a  short  distance  from  the  apex  and 
then  gradually  contracting,  the  width  of  the  interporiferous  area  at  the  extremity  being 
little  greater  than  half  the  width  at  the  widest  part  of  the  petal,  and  in  some  instances 
less  than  this.  The  posterior  petals  arc  the  longest,  and  the  odd  anterior  is  the  shortest ; 
the  breadth  of  the  lateral  petals  is  about  equal  (C  millim.),  and  the  odd  anterior  petal 
is  slightly  narrower.  The  breadth  of  one  of  the  paired  petals  is  in  the  proportion  of 
about  -rVyfc  of  the  length  of  the  test.    The  poriferous  zones  are  unequal ;  the  anterior 
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zones  of  the  antcro-lateral  petals  and  the  posterior  zones  of  the  postero-lateral  petals 
being  shorter  than  the  companion  zone  of  the  same  petal.  The  breadth  of  the  poriferous 
zone,  excepting  the  narrow  apical  extremity,  varies  only  slightly  throughout  the  major 
portion  of  its  length,  the  decrease  towards  the  outer  extremity  being  slight.  At  the 
widest  part  of  the  petal,  the  width  of  the  poriferous  zone  is  rather  less  than  one  third 
of  the  width  of  the  interporiferous  area,  the  actual  breadth  of  the  poriferous  zone  being 
only  1T25  millim.  in  an  example  55  millim.  in  length,  but  is  often  less.  The  inner 
pores  of  a  zone  are  round,  and  the  outer  ones  slightly  elongate  or  pyriform,  the  pair 
being  united  by  a  well-developed  channel  j  and  the  posture  of  the  pairs  of  pores  is  very 
oblique  in  relation  to  the  zone.  The  divisional  costa  between  each  pair  is  ornamented 
with  a  single  line  of  small  miliary  granules.  Near  the  extremity  of  the  anterior  zone 
of  the  anterolateral  petals  the  zone  is  distinctly  and  rather  suddenly  incurved  (concavity 
forwards),  which  gives  a  slightly  sigmoid  character  to  the  zone,  especially  in  comparison 
with  the  regularly  arched  and  longer  companion  zone  in  the  same  petal.  The  extra- 
petalous  continuation  of  the  poriferous  zones  is  scarcely  visible  to  superficial  observation 
until  midway  on  the  actinal  surface,  between  the  margin  and  the  peristome ;  although 
in  some  favourable  examples  the  course  of  the  zones  of  the  odd  anterior  petal  are  more 
or  less  faintly  defined  throughout  by  slight  channelling.  When  the  poriferous  zones 
reach  the  neighbourhood  of  the  peristome  they  are  sensibly  channelled,  the  pores  are 
distinct,  and  well-developed  sublyriform  phyllodes  are  produced.  A  regular  internal 
series  of  pores,  one  pore  opposite  alternate  pores  of  the  outer  series  with  more  or  less 
regularity,  is  present ;  and  a  double  series  of  pits  (presumably  for  sphamdite)  are  situated 
in  the  median  radial  line  of  the  phyllode.  The  interporiferous  areas  may  almost  be 
said  to  be  flush  with  the  test,  although  in  some  cases  those  within  the  petals  of  the 
paired  ambulacra  are  very  faintly  tumid.  The  ornamentation  of  the  areas  both  within 
and  without  the  petals  is  similar  to  that  of  the  interradial  areas. 

The  lateral  interradial  areas  are  the  broadest,  and  their  breadth  is  nearly  equal  to 
the  whole  area  included  by  the  antero-lateral  ambulacra,  i.  e.  to  the  two  anterior  inter- 
radia  and  the  odd  anterior  ambulacrum  combined.  The  anterior  interradia  are  by  far 
the  smallest.  In  the  odd  posterior  interradium  there  is  considerable  tumidity  abacti- 
nally,  over  and  conformable  with  the  posterior  rostration  ;  and  there  is  also  considerable 
tumidity  on  this  area  on  the  actinal  surface  along  the  median  line  between  the  peristome 
and  the  periproct,  the  swelling  expanding  and  gradually  dying  out  as  it  approaches  the 
latter  aperture  and  the  posterior  margin  of  the  test.  There  is  considerable  tumidity  in 
the  posterior  column  of  the  postero-lateral  interradia,  which  conspicuously  affects  the 
marginal  contour,  and  constitutes  one  of  the  features  that  contributes  largely  to  the 
characteristic  form  of  this  species.  The  ornamentation  of  the  interradial  and  inter- 
poriferous areas  is  uniform  and  small,  and  consists  of  small  primary  tubercles,  sunken 
in  rather  deep,  narrow  scrobicules,  the  intermediate  spaces  being  about  equal  to  half 
the  diameter  of  the  scrobicule,  and  having  the  surface  covered  with  small,  distinct,  and 
not  particularly  crowded  miliary  granules.  On  the  abactinal  surface,  in  well-preserved 
specimens,  a  distinct  ring  of  granules  encircles  each  scrobicule ;  there  are  thus  two  rings 
of  granules  in  each  intermediate  space  between  scrobicules,  and  a  few  extra  at  the  angles 
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where  four  come  together.  At  the  ambitus  the  tubercles  are  more  crowded  and  the 
intermediate  spaces  much  narrower  ;  ou  the  median  portion  of  the  actinal  surface,  and 
round  the  peristome,  the  tubercles  are  more  widely  spaced  and  the  scrobicules  slightly 
larger. 

The  peristome  is  rather  large,  distinctly  pentagonal,  with  the  transverse  diameter 
rather  greater  than  the  longitudinal.  In  small  specimens  the  disparity  of  these  dimen- 
sions is  greater  than  in  fully  grown  tests.  The  ambulacra!  areas  are  slightly  sunken  as 
they  approach  the  peristome,  and  the  bourrelets  are  well  defined,  especially  the  anterior 
pair.  This  pair  presents  a  distinctly  convex  margin  into  the  peristome.  The  posterior 
pair  of  bourrelets  are  the  smallest,  and  their  margins  have  a  well-defined  thickening ; 
the  odd  posterior  is  the  broadest  and  is  the  least  tumid,  though  its  margin  is  distinctly 
thickened.  The  peristomial  wall  is  vertical  and  high,  and  its  surface  is  covered  with 
well-spaced  small  miliary  granules,  and  these  arc  also  extended  over  the  tumid  portions 
of  the  bourrelets.  The  peristomial  margins  of  the  ambulacral  areas  form  small  and 
graceful  concavities  in  the  general  peristomial  margin,  constituting  the  rounded  angles 
in  the  outline  of  this  orifice.  The  innermost  pair  of  ambulacral  pores  (buccal  pores) 
are  well  defined,  and  are  situated  immediately  over  the  margin,  opening  into  the 
peristomial  wall.    The  phyllodes  are  well  developed  and  have  been  described  above. 

The  periproct  is  small,  transverse,  with  an  outline  varying  between  suboval  and 
subtriangular,  placed  close  to  the  margin  on  the  slight  rounding  which  unites  the 
actinal  surface  with  the  ambitus,  and  immediately  below  the  posterior  rostration. 
Consequent  on  this  slightly  oblique  position  (in  relation  to  the  plane  of  the  actinal 
surface),  the  presence  of  the  orifice  is  discernible  when  the  posterior  part  of  the  test  is 
placed  on  a  resting  plane  held  in  the  direct  line  of  view,  with  the  posterior  extremity 
towards  the  observer.  This  aperture  has  a  major  diameter  of  6-5  millim.,  and  a  minor 
diameter  of  4  millim.  in  a  specimen  55  millim.  in  length.  The  major  diameter  of  the 
peristome  is  5  millim.,  and  the  minor  3  75  millim.,  in  a  specimen  of  the  same  size. 

Young  forms.  Although  this  species  is  a  very  variable  one,  certain  marked  features 
may  be  clearly  traced  throughout  a  wide  range  of  different  growth-stages ;  the  modifi- 
cations dependent  on  age,  however,  are  at  the  same  time  striking  and  noteworthy. 

In  tests  measuring  38-40  millim.  in  length  (Figs.  8-10)  it  will  be  noticed  that  the 
marginal  outline  is  more  circular,  that  the  breadth  is  greater,  that  the  margins  are 
more  tumid,  and  that  the  abactinal  surface  is  more  regularly  convex,  than  in  the  larger 
forms  above  described.  It  will  also  be  seen  that  the  test  is  fuller  and  more  rounded  in 
front,  less  rostrate  posteriorly,  and  that  the  prominent  tumidity  in  the  posterior  column 
of  the  postero-lateral  interradia  though  present  is  much  less  developed;  in  a  rather 
smaller  test  (Fig.  13),  this  tumidity  is  moved  forwards  to  some  extent,  and  thus 
produces,  in  conjunction  with  the  other  tost  modifications,  a  marginal  contour 
approaching  very  nearly  to  a  circular  form.  In  examples  of  this  size,  the  actinal 
surface  is  either  subplane  and  gradually  sloping  off  to  the  very  tumid  margins,  or  even 
faintly  convex,  excepting  a  feeble  central  depression  around  the  peristome,  and  this 
concavity  is  perhaps  not  always  present.  Indeed  there  appears,  without  question,  to  be 
considerable  diversity  in  this  particular  in  different  specimens  of  the  same  size.  The 
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smallest  specimens  which  we  unhesitatingly  refer  to  E.  Jacquemonti  arc  from  22-27 
millim.  in  length  ;  there  are,  however,  in  the  collection  three  or  four  other  specimens, 
smaller  than  this,  from  as  many  different  localities,  and  these  we  are  strongly  inclined 
to  consider  also  as  young  forms  of  E.  Jacquemonti.  These  small  tests  are  remarkable 
for  the  great  tumidity  of  the  actinal  area,  the  profile  contour  of  which  is  almost  as 
fully  convex  as  that  of  the  abactinal  area,  and  in  some  of  them  at  least  there  ia  no 
depression  around  the  peristome.  This  aperture  is  comparatively  small,  and  the  peri- 
proct  is  higher  in  the  margin  in  some  of  them  than  usual  in  the  adult  forms ;  but  there 
appears  more  or  less  variation  in  the  position  of  the  periproct  even  amongst  the  small 
forms.  These  characters  arc  such  as  might  well  be  regarded  as  youthful  features,  and 
in  other  respects  the  tests  do  not  differ  more  from  the  type  form  of  E.  Jacquemonti 
than  our  knowledge  of  the  growth-stages  of  recent  species  of  Echinolampas  leads  us  to 
regard  as  perfectly  consistent  with  the  view  that  they  are  immature  specimens. 

There  is,  however,  an  example  measuring  32  millim.  in  length,  which  presents  all 
these  extreme  characters  to  the  fullest  extent ;  and  this  form  appears  to  accord  in  every 
respect  with  the  species  named  E,  spheroidalis  by  d'Archiac  and  Haime;  although  in 
our  opinion  it  is  not  improbable  that  with  a  larger  range  of  small  forms  and  in  a  better 
state  of  preservation  than  those  we  possess,  E.  spheroidal  it  may  ultimately  be  found  to 
be  in  reality  only  the  immature  stage  of  E.  Jacquemonti.  From  the  fact  that  our  largest 
spheroid alis-hke  specimen  (32  millim.)  presents  the  above-mentioned  well-marked 
features — youthful  though  they  appear — at  a  size  much  greater  than  that  at  winch  the 
young  E.  Jacquemonti  already  exhibit  their  own  specific  and  unmistakable  habitus,  we 
refrain  for  the  present  from  interfering  with  the  specific  independence  of  E.  spheroidalis, 
and  rank  the  small  specimens  under  uotice  provisionally  and  with  doubt  under  that 
designation. 

Variations.  This  species  is  remarkable  for  its  variability  within  certain  limits;  and 
very  numerous  modifications  of  form  are  to  be  found  in  the  collection  under  notice. 
These  chiefly  affect  the  relative  proportions  of  length  and  breadth,  the  outline  of  the 
abactinal  profile,  the  marginal  contour  to  some  extent,  aud  also  the  breadth  of  the 
ambulacral  petals.  Considerable  though  these  variations  appear  when  extreme  examples 
are  compared,  the  intermediate  stages  are  so  numerous  and  unmistakable  that  we  do  not 
think  it  necessary  or  desirable  to  give  names  to  these  varieties ;  and  this  the  more  as  the 
different  changes  above  indicated  may  be  found  in  a  series  of  specimens  from  one  and 
the  same  locality,  and  apparently  of  similar  size,  age,  and  fossilization. 

Some  forms  are  more  elongate  and  distinctly  ovate  in  marginal  outline  than  others, 
as  given  in  Figs.  1  and  2.  Others,  again,  have  the  anterior  margin  fuller  and  flatter,  as 
in  Figs.  3-5  ;  and  this,  in  some  rare  cases,  is  carried  to  such  an  extent  that  the  anterior 
margin  has  quite  a  truncate  appearance,  and  the  anterolateral  interradia  present  a 
considerably  tumid  angularity.  In  other  tests,  again,  the  margin  is  more  orbicular  (see 
Fig.  6).  Considerable  variation  exists  as  to  the  degree  of  the  tumidity  developed  in  the 
posterior  column  of  the  postero-lateral  interradia,  and  also  as  to  the  prominence  of  the 
posterior  rostration.  Another  feature  subject  to  much  variation,  and  which  at  the  same 
time  produces  a  very  striking  series  of  modifications,  is  the  relative  height  of  the  abac- 
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tinal  surface  and  the  contour  of  the  same  as  seen  in  longitudinal  profile.  In  some  forms 
the  abactinal  surface  is  comparatively  depressed  and  its  profile  exhibits  a  more  or  less 
uniform  and  regular  convexity,  and  often  even  slightly  flattened  centrally  (see  Figs. 
1  and  2).  Others,  again,  have  a  much  greater  relative  height,  and  the  abactinal  surface 
shows  a  distinct  and  conspicuous  conoid  elevation  in  the  region  of  the  apex,  with  the 
anterior  slope  rapid,  and  the  posterior  more  gradual  and  flexuous  as  seen  in  profile 
(compare  Figs.  3-5).  The  breadth  of  the  ambulacral  petals  is  likewise  subject  to 
variation,  and  quite  a  number  of  examples  with  remarkably  broad  petals,  when  com- 
pared with  the  normal  form,  may  be  distinguished  ;  and  furthermore  it  is  of  interest  to 
remark  that  the  feature  appears  generally  to  be  associated  with  the  more  or  less  sub- 
depressed  orbicular  forms.  An  example  of  this  variety  is  represented  in  Fig.  6.  In 
this  specimen  the  width  of  the  paired  ambulacra  is  -r^^r  of  the  length  of  the  test. 

Remark*.  This  species  is  closely  allied  to  the  form  we  have  named  E.  Indica,  from 
the  Miocene  of  Kachh.  Both  are  very  variable  forms,  and  it  would  be  quite  possible 
to  select  a  series  which  would  appear  to  form  a  transition  between  the  two  species. 
Taken  as  a  whole,  however,  the  habit  of  E.  Indica  and  E.  Jacquemonti  is  different,  and 
immediately  strikes  the  eye.  In  the  former  the  test  is  habitually  higher,  more  regu- 
larly convex  abactinally,  and  more  tumid  laterally.  The  inequality  of  the  poriferous 
zones  and  the  amount  of  their  curvature  is  greater.  The  excentricity  of  the  apical  disk 
is  less,  the  proportions  of  the  peristomial  and  periproctal  apertures,  as  well  as  their 
form,  arc  different.  On  these  grounds  wo  consider  the  species  distinct,  but  probably 
phylogenetically  allied. 


Dimensions. 

Breadth  Height 
 A.  .  —  •         —  -V  — 


Length 
in  millim. 

55 

in  millim. 
40 

proportion 
to  lengths  1. 
0-836 

in  millim. 
24 

proportion 
tolentfh  =  l. 
0-436 

51 

43 

0-843 

28 

0-550 

42 

37-5 

0-892 

19 

0-452 

89 

355 

0  910 

22 

0-504 

37 

84 

0-918 

21-5 

0-681 

37 

36 

0-973 

25 

0075 

29 

25-5 

0-879 

18 

0-620 

27-5 

24-6 

0-890 

16 

0-581 

The  largest  example  in  the  collection  measures  72  millim.  in  length,  and  another 
62  millim. ;  but  both  specimens  are  too  much  crushed  for  the  other  dimensions  to  be 
given  with  any  degree  of  accuracy. 

Localities.  In  the  Gaj  scries  of  strata : — 

i.  Scarp  of  the  M61  Plateau,  west  of  Kund  (the  same  scarp  as  G  Survey- 
number  G 

ii.  Ravine  on  the  south-east  of  Bill,  twelve  miles  north  of  Shah-beg  (the  coral 
zone).    Survey-number  G 
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iii.  Hill-scarp  five  miles  north  of  Shah  Rhui,  on  the  Naig  Nai,  south-west  of 
Jhangara.    Survey-number  G 

IT.  Naig-Nai  valley,  twelve  miles  south  of  Shah  Rhui.    Survey-number  G 

v.  Scarp  six  miles  south-east  of  Shah-beg.    Survey-number  G  9f{. 

vi.  Four  miles  south-west  of  Beynir  Hill.    Survey-number  G  A^a. 

vii.  About  three  miles  south-east  of  Tong.    Survey-number  G  9ffi . 
viil  Survey-number  G 

ix.  Ten  miles  north  of  Shah-beg.    Survey-number  G 

x.  Scarp  at  Kupo-jo-lak,  or  pass  on  the  M61  range,  west  of  Shah -beg  (same  locality 
as  G  •//>)•    Survey-number  G 

xi.  Mazariini  Nai.    Survey-number  G  *|ft. 

xii.  Sfta  Nai,  Khi'rthar  range.    Survey-number  G  1fa. 

xiii.  Upper  part  of  the  scarp  of  the  Myhir  plateau,  west  of  Thana  Sh&h-beg. 
Survey-number  G 

xiv.  Hills  east  of  Thana  Shah-beg.    Survey-number  G 

xv.  Hills  east  of  Thana  Shah-beg  (nearing  Pani  gurobok  from  the  west).  Survey- 
number  G 

xvi.  Pir  Gaji,  west  of  Sehwan.    Survey-number  G  V«ft- 

xvii.  Nari  Nai,  Sehwan  district.    Survey-number  G 

xviii.  Amra  Hill,  Barri  Nai,  Shikarpur  district.    Survey-number  G  a4a/. 

xix.  Mazarani  Nai,  hills  west  of  Ijlrkhana.    Survey-number  G 

xx.  Cliff-section  of  Kadeji  gorge,  about  thirty  miles  east-north-east  of  Karachi. 
Survey-number  G 

Illustrations  of  the  Species  in  Plate  LIIL 

Fig.  1.  Abactinal  view  of  a  regularly  convex,  subdeprcssed  form  :  natural  size. 

2.  Longitudinal  profile  of  the  same :  natural  size. 

3.  Abactinal  view  of  a  high,  subcorneal,  and  rather  elongate,  form :  natural 


4.  Longitudinal  profile  of  the  same:  natural 

6.  Actinal  view  of  the  same :  natural  size. 

6.  Abactinal  view  of  a  broad-petalled  variety :  natural  size. 

7.  The  peristome  and  surrounding  parts  of  the  test :  magnified. 

8.  Abactinal  view  of  a  small  subrotund  test :  natural 

9.  Longitudinal  profile  of  the  same :  natural  size. 

10.  Actinal  view  of  the  same:  natural  size. 

11.  The  peristome  and  surrounding  parts,  from  the  sac 

12.  Portion  of  an  ambulacral  petal,  to  show  the  ornamentation:  magnified. 

1 3.  Actinal  view  of  a  small  tumid  test :  natural  size 

14.  Longitudinal  profile  of  the  same :  natural 
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2.  Echi.volampas  spiieroidalis  t,  a"  Archiac.    Plate  LII1,  Fig6.  16-19. 

The  following  is  the  diagnosis  of  this  species  given  in  the '  Description  des  Animaux 
fossiles  de  lTnde,'  p.  210  : — 

Test  oval,  very  inflated,  slightly  enlarged  posteriorly  near  the  posterior  ambulacra. 
Apex  scarcely  more  elevated  than  the  upper  part  of  the  odd  posterior  interradium ;  its 
distance  from  the  anterior  margin  is  two  sevenths  of  the  length  of  the  test  Four 
generative  pores,  large,  especially  the  posterior  pair.  Ambulacral  petals  short,  straight, 
flush  with  the  test  or  very  slightly  tumid,  rather  narrow,  considerably  contracted  near 
their  extremity ;  tho  anterior  petal  shorter  and  a  little  narrower  than  the  others. 
Poriferous  zones  narrow,  considerably  arched,  the  companion  zones  in  a  petal  very 
unequal  in  length ;  in  the  odd  anterior  ambulacrum  the  right  poriferous  zone  is  the 
longer,  in  the  postero-lateral  ambulacra  the  anterior  zone  is  nearly  one  third  longer 
than  the  posterior,  and  in  the  anterolateral  ambulacra  the  posterior  zone  is  the  longer. 
Interradial  areas  a  little  unequal  in  the  neighbourhood  of  the  apex  ;  measured  midway 
between  the  extremities  of  the  petals,  the  lateral  areas  are  the  broadest  Actinal 
surface  subplane ;  peristome  situated  a  little  anterior  to  the  ceutre,  subtriangular, 
bourrelets  very  slightly  developed,  phyllodcs  open.  Pcriproct  marginal,  rather  high. 
Tubercles  rather  crowded  and  slightly  unequal,  those  in  the  neighbourhood  of  the 
peristome  larger  and  more  widely  spaced. 

MM.  d'Archiac  and  Haime  remark  that  the  different  examples  examined  by 
them  varied  only  very  little  in  their  form.  The  largest  specimen  was  more  than 
4  centim.  in  length ;  another  measured  3  5  centim.  in  length,  3  centim.  in  breadth,  and 
2-5  centim.  in  height.    The  locality  is  given  as  "  Chainc  d'Hala  (Sinde).*' 

We  have  stated  on  a  preceding  page,  when  treating  of  the  young  forms  of 
E.  Jacquemonti,  the  grounds  upon  which  we  have  referred  several  small  tests  in  the 
Gaj  collection  to  this  species.  Our  specimeus  unfortunately  are  in  a  very  bad  state  of 
preservation,  and  do  not  enable  us  to  add  anything  further  to  our  previous  remarks,  or 
to  the  description  given  above.  We  may,  however,  mention  that  the  height  and 
general  tumidity  of  the  test,  the  convexity  of  the  actinal  surface,  the  small  size  of  the 
peristome,  the  absence  of  bourrelets,  and  the  narrowness  of  the  ambulacral  petals  are 
especially  striking. 

Dimensions.  The  largest  example  measures  32  millira.  in  length,  28  5  millim.  in 
breadth,  and  24  5  millim.  in  height.  The  smallest  20,  19,  and  1G  millim.  in  these 
dimensions  respectively. 

Localities.  In  the  Gaj  series  of  strata : — 

i.  North  of  Babba  band,  five  miles  east  of  Kadeji.    Survey-number  G  34a4a. 

ii.  Four  miles  south-west  of  Beym'r  Hill.    Survey-number  G  A,'?,*. 

iii.  Scarp  at  Kiipo-jo-lak,  or  pass  on  the  M61  range,  west  of  Shah-beg  (same 
locality  as  G  a/4°).    Survey-number  G  ai°7?. 

iv.  Hills  east  of  Thana  Shah-beg.    Survey-number  G  fj8^. 
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Illustrations  of  the  Species  in  Plate  LUI. 
Fig.  16,  Actinal  view  of  the  test  of  the  largest  specimen :  natural  size. 

16.  Abactinal  view  of  another  specimen,  much  crushed  and  weathered  : 

natural  size. 

17.  Longitudinal  profile  of  the  same  specimen  as  fig.  15:  natural  size. 

18.  Actinal  view  of  a  small  specimen:  natural  size. 

19.  Longitudinal  profile  of  the  same :  natural  size. 

Family  SPATAXGIDJE. 

Sulfamilg  SPATAXGiy.S. 

Genus  SCHIZASTER,  Agassiz,  1836. 
1.  ScniZASTER  Grakti,  Duncan  d  Shden. 

A  considerable  number  of  examples  belonging  to  this  species  are  in  the  collection, 
but  all  are  unfortunately  more  or  less  broken,  crushed,  or  badly  preserved.  As  the 
form  was  described  in  detail  in  the  fasciculus  on  the  Tertiary  Echinoidea  of  Kachh  and 
Kattywar  it  is  unnecessary  to  repeat  the  description  there  given.  The  species  is  also 
found  in  the  Nari  strata  of  Sind. 

Localities.  In  the  Grij  series  of  strata : — 

i.  Scarp  at  Kupo-jo-lak,  or  pass  on  the  M61  range,  west  of  Shah-beg  (same  locality 
as  G  ViQ)-   Survey-number  G  '^J.  Some  specimens  also  bear  the  Survey-number  G 

ii.  About  three  miles  south-east  of  Tong.    Survey  number  G  s^\f-. 

ill  Naig-Nai  valley,  twelve  miles  south  of  Shah  Rhiii.    Survey-number  G 

iv.  Gaj  river,  Khirthar  range.    Survey-number  G 

v.  Near  the  top  of  the  pass,  on  the  Mol  range,  west  of  Thana  Shah-beg.  Survey- 
number  G  ^flP  f. 

vi.  Cliff-section  of  Kadeji  gorge,  about  thirty  miles  east-north-east  of  Karachi. 
Survey-number  G  3,/ia- 

vii.  Pi'r  Gaji,  west  of  Sehwan.    Survey-number  G 

'1.  Schizaster  st  FFLATiTS,  Duncan  <&•  Sladen.    Plate  XLIX,  Figs.  7-9. 

Test  of  medium  size,  nearly  as  broad  as  long,  with  the  greatest  breadth  situated  a 
little  behind  the  centre.  Marginal  contour  suboval,  more  contracted  in  front  than 
behind,  and  deeply  notched  by  the  anteal  sulcus.  Apical  disk  slightly  excentric 
posteriorly.  Seen  in  longitudinal  profile,  the  greatest  height  is  situated  considerably 
behind  the  apical  disk,  the  abactinal  surface  sloping  continuously  from  this  point  to 
the  anterior  margin,  which  is  tolerably  thick  and  tumid ;  whilst  the  region  of  greatest 
height  is  the  summit  of  a  convexity,  which  passes  with  a  rather  rapid  curve  to  the 
posterior  extremity.    The  periproct  appears  to  have  been  rather  higher  in  position 
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than  the  middle  of  the  posterior  extremity.  The  actinal  surface  shows  great  convexity, 
especially  in  the  region  of  the  plastron.    The  sides  are  thick  and  tumid. 

The  apical  disk  lies  at  the  base  of  the  sloping  interradial  keels,  and  is  remarkable 
for  its  apparent  breadth,  caused  by  the  lateral  pair  of  plates  being  wide  apart.  There 
are  four  genital  pores,  the  posterior  pair  being  larger  and  slightly  wider  apart  than  the 
anterior  ones.  They,  as  well  as  the  posterior  pair  of  ocular  plates,  are  separated  by  the 
large  wedge-shaped  central  madreporiform  body.  The  anterior  pair  of  ocular  plates 
appear  to  have  been  extremely  small,  but  the  condition  of  the  fossil  does  not  show 
them  satisfactorily.  The  odd  anterior  ocular  plate  is  small  and  placed  midway  between 
the  anterior  pair  of  genital  plates. 

The  odd  anterior  ambulacrum  lies  in  a  well-defined,  tolerably  deep,  and  broad 
groove,  the  margins  of  which  arc  sloping,  and  the  lateral  keels  are  not  remarkably  high 
or  thin,  although  they  become  angular  and  well  defined  as  they  approach  the  apical 
disk,  and  at  the  same  time  slope  away.  The  floor  of  the  groove  is  slightly  rounded, 
and  the  poriferous  zones  are  placed  at  its  junction  with  the  sloping  lateral  walls, 
appearing  rather  more  on  the  floor  than  otherwise,  at  least  near  the  apex.  The  pores 
are  small  and  slightly  elongate  transversely,  and  are  separated  by  a  small  granuliform 
prominence.  The  plates  are  very  short  and  band-like  and  successive  pores  arc  con- 
sequently closely  placed.  The  plates  are  further  remarkable  for  the  abruptness  of  the 
bending  which  occurs  just  internal  to  the  inner  pore  of  the  pair,  the  portion  of  the 
plate  which  lies  in  the  interporiferous  area  being  reflected  sharply  backwards  towards 
the  apex  at  about  30°  from  the  direction  of  the  outer  part  of  the  plate  (see  fig.  9).  It 
will  also  be  noticed  that  the  facets  of  the  inner  end  of  the  plates  have  a  peculiar 
curvature.  Traces  are  visible  of  a  few  widely  spaced  granules  on  each  plate,  ornamenting 
the  interporiferous  area. 

The  anterior  pair  of  ambulacral  petals  are  large,  wide,  petaloid,  placed  in  tolerably 
deep  grooves,  and  are  rather  divergent,  the  included  angle  being,  roughly  speaking, 
about  90°.  The  grooves,  which  are  wide  and  gracefully  rounded  outwardly,  contract 
very  little  in  breadth  until  they  reach  the  proximal  third  of  the  length,  where  they 
commence  to  taper  rapidly  to  a  point.  The  anterior  poriferous  zone  is  beut  with  a  slightly 
sigmoid  curvature.  The  companion  posterior  zone  proceeds  for  some  distance  from  tho 
apex  at  a  right  angle  to  the  longitudinal  axis  of  the  test,  is  then  rather  sharply  bent  with 
a  well-rounded  curve,  and  proceeds  almost  straight  towards  the  margin.  It  will  thus  be 
seen  that  the  bending  of  the  petal  on  its  approach  to  the  apex  is  very  conspicuous,  and 
that  there  is  also  a  slight  inflation  of  the  petal  near  the  distal  extremity.  The  pori- 
ferous zones  are  wide  and  fully  twice  the  breadth  of  the  iutcrporiferous  area  about  the 
middle  of  the  petal.  The  pores  are  elongate  except  near  the  apex,  rather  wide  apart, 
distinctly  conjugate ;  with  adjacent  pairs  separated  by  a  well-defined  costa,  which  was 
probably  ornamented  by  a  row  of  granules.  The  first  10  or  12  pairs  of  pores  in  the 
anterior  poriferous  zone  of  the  anterolateral  petals,  and  the  first  6  or  7  in  the  posterior 
zone,  are  remarkably  small,  and  those  beyond  increase  in  size  very  abruptly.  The 
posterior  pair  of  petals  are  about  two  thirds  the  length  of  the  anterior  pair,  lanceolate 
in  outline,  with  tlie  greatest  breadth  a  little  removed  from  the  middle  of  the  petal 
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towards  the  apex ;  from  this  point  they  contract  gradually  and  slightly  towards  the  outer 
extremity,  which  is  not  rounded  or  closed.  At  the  apical  extremity  they  contract 
rapidly  to  a  fine  point.  The  petals  reach  about  halfway  between  the  apex  and  the 
margin,  and  their  course  is  straight.  Their  angle  of  divergence  is  about  CCC,  being  that 
included  by  lines  drawn  along  the  median  line  of  the  two  petals.  The  intervening  odd 
posterior  interradial  area  forms  a  rather  low,  but  well-defined  ridge,  narrow  for  a  short 
distance  from  the  apex,  but  rapidly  becoming  broader  and  disappearing  in  the  generally 
convex  or  arched  posterior  region.  The  character  of  the  poriferous  zones  is  similar  to 
that  of  the  anterior  pair  of  petals;  the  interporiferous  area,  however,  is  relatively 
narrower,  and  the  posterior  poriferous  zone  is  remarkably  broad  midway  between  the 
extremities. 

The  interradial  areas  have  a  slightly  gibbous  or  arched  character,  and  their  respec- 
tive columns  greatest  in  the  anterior  column  of  the  anterior  interradia  and  the  posterior 
column  of  the  postcro-lateral  interradia ;  but,  as  far  as  can  be  judged  from  the  imperfect 
preservation  of  the  fossil,  the  character  does  not  appear  to  have  been  greatly 
emphasized. 

Nearly  the  whole  of  the  posterior  extremity  of  the  test  is  destroyed,  but  traces 
remain  which  indicate  that  the  pcriproct  was  rather  high  in  position. 

The  peristome  is  very  excentric  in  front,  but  nearly  the  whole  of  the  actinal  surface 
is  destroyed  or  unfitted  for  description. 

Traces  of  two  fascioles  are  present,  a  peripetalous  and  a  latcro-subanal.  Judging 
from  the  only  clear  trace  of  the  latter  which  remains,  it  appears  to  have  been  very 
narrow.  The  surface  of  the  test  is  much  too  weathered  to  allow  of  any  detailed  account 
being  given  of  the  course  or  position  of  these  bands. 

The  ornamentation  of  the  plates  is  nearly  all  destroyed,  but  that  on  the  abactinul 
surface  appears  to  have  been  small  and  widely  spaced. 

Remarks.  Notwithstanding  the  very  unsatisfactory  state  of  the  single  example 
under  notice,  the  details  above  given  are  sufficient  to  indicate  that  we  are  dealing  witli 
a  distinct  species ;  and  on  these  grounds  we  have  ventured  to  give  it  a  name,  although 
the  description  is  unfortunately  imperfect.  S.  sujflatus  is  distinguished  from  S.  Granti, 
with  which  it  is  associated,  by  the  altogether  different  marginal  contour  of  the  test,  by- 
its  more  uniformly  convex  and  less  sloping  abactinal  surface,  by  the  different  form  of 
the  paired  ]>etals,  the  anterolaterals  wanting  the  clmracteristic  curve  at  the  eater 
extremity,  and  by  the  relatively  much  longer  and  differently  shaped  postero-lateral 
petals ;  the  character  of  the  odd  anterior  ambulacrum  is  also  different. 

IHmensions.  Length  of  the  test  40  millim.,  breadth  38  millim.,  height  26  5  millim. 

Locality.  In  the  Giij  series  of  strata:  Naig-Nai  valley,  twelve  miles  south  of 
Shah  Rhui.    Survey-number  G  *4"uS- 

Illustrations  of  the  Species  in  Plate  XL1X. 

Fig.  7.  Abactinal  view  of  the  test :  natural  size. 

8.  Longitudinal  profile  of  the  test :  natural  size. 

9.  Ambulacral  plates  in  the  odd  anterior  ambulacrum  :  magnified. 
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Genus  MOIRA,  A.  Ayasgiz,  1872. 


1.  MoiRA,  Sp.  % 

A  single  small  example  in  tbe  Gaj  collection  probably  belongs  to  this  genus.  It 
is,  however,  so  badly  preserved,  and  with  nearly  the  whole  of  the  abactinal  surface 
obscured  by  matrix,  that  accurate  determination  is  impossible ;  we  therefore  refer  it  to 
the  genus  with  doubt,  and  place  its  occurrence  on  record  in  the  hope  that  future 
discoveries  will  furnish  more  satisfactory  material.  We  were  led  to  consider  this  speci- 
men as  a  species  of  Moira  on  account  of  the  indication  of  the  presence  of  a  narrow 
slit-like  petal,  and  of  the  peculiar  ornamentation  on  the  neighbouring  plates.  The 
actinal  surface  is  well  preserved,  and  its  outline  is  very  near  to  that  of  M.  antiqua, 
nobis,  from  the  Miocene  of  Kachh. 

Dimensions.  Length  of  the  test  16  millim.,  breadth  15  millim. 

Locality.  In  the  Gaj  series  of  strata :  Entering  the  hills  on  the  road  from  Jangri 
to  Bula  Khan's  Thana.    Survey-number  G 


1 .  Mkoma,  sp.  \ 

There  is  a  fragment  of  part  of  an  interradial  area  of  a  large  Spatangoid  in  the 
collection  on  which  the  remains  of  a  well-defined,  angular,  and  deeply  re-entrant 
fasciole  are  preserved.  Amongst  the  general  miliary  ornamentation  of  the  plates  are 
small,  well-spaced,  primary  tubercles,  both  within  the  fasciole  and  on  the  adjacent 
plates  without,  where,  however,  they  are  smaller  and  diminished  in  size  as  they  recede 
from  the  fasciole.  The  ornamentation  recalls  in  a  striking  manner  that  of  M.  veniricosa 
(Lam.),  Liitk.  Unfortunately  the  fragment  alone  is  insufficient  for  the  determination 
either  of  species  or  genus,  and  we  therefore  merely  place  its  occurrence  on  record. 


Locality.  In  the  Giij  series  of  strata :  Near  the  top  of  the  pass,  on  the  Mol  range, 
west  of  Thana  Shah-beg.    Survey-number  G 


Large  "Urchins  well  characterized  by  the  presence  of  peripetalous,  internal,  and 
subanal  fascioles.  There  are  large  tubercles  with  deep  scrobicules,  limited  by  the 
peripetalous  fasciole  ;  but  they  are  absent  in  the  posterior  ambulacrum.  The  internal 
fasciole  crosses  the  four  petals,  and  their  pores  situated  within  its  area  differ  from 
those  without  and  may  disappear. 

This  genus  was  placed  by  MM.  d'Archiac  and  Haime  amongst  the  Nummulitic 
fauna  of  Sind,  and  their  species  Breynia  carinata  was  described  in  their  great  work, 
which  has  so  often  been  quoted  in  this  Monograph,  on  p.  210,  aud  delineated  on 
their  plate  XV,  fig.  4. 

We  have  noticed  the  same  species  in  our  description  of  the  Miocene  series  of 
Kachh  ("  The  Tertiary  Echinoidea  of  Kachh  aud  Kattywar,"  Pal.  Indica,  Ser.  XIV.  p.  6G, 
Plate  X),  and  also  on  page  228  of  this  Monograph.  There  is  now  no  doubt  about 
the  correct  geological  horizon  of  the  genus  in  the  Tertiaries  of  Western  India,  for 


Genus  MEOMA,  Gray,  1851. 


Genus  BREYNIA,  Desor,  1847. 


OF  WESTERN  SIXD. 


84.". 


Mr.  Blanford  states  that  he  has  never  seen  the  form  in  any  other  than  a  Miocene 
formation,  and  it  is  evident  that  the  specimen  from  the  Khirthar  series  (a  solitary  one)  was 
not  found  in  place.  Moreover  the  species  abounds  in  the  Gaj  beds  and  not  in  the  Nari  of 
Sind.    We  may  assert  that  the  species  is  the  most  characteristic  of  the  Miocene  of  Sind. 

With  regard  to  the  species  Jircynia  carinata,  we  were  able  to  correct  some  of  the 
descriptive  parts  of  d'Archiac  and  Haime's  notice  of  their  unfortunately  ill-preserved 
specimens,  in  our  Monograph  of  the  Kachh  Echinoidea,  and  Messrs.  Medlicott  and 
Blanford  had  previously  indicated  the  presence  of  minute  pairs  of  pores  within  the 
area  of  the  internal  fasciole.  Since  the  publication  of  our  Monograph  a  great  number 
of  specimens  have  been  examined  from  the  Gaj  series,  and  some  are  in  a  most  wonderful 
condition  of  preservation.  We  have  now  evidence  regarding  the  correct  shape  of  the 
form  in  the  adult  stnge  and  when  half-grown,  and  we  have  proofs  of  the  comparatively 
slight  variation  in  the  shape  and  structure  of  this  most  highly  specialized  Spatangoid. 

The  description  of  the  species  by  its  founders  was  admirable,  and  we  could  have 
wished  that  they  could  have  had  our  opportunity.  We  propose  therefore  giving  the 
translation  of  the  diagnosis  of  MM.  d'Archiac  and  Haime,  and  to  add  the  results 
of  our  examination  of  good  specimens. 

1.  Bbetxia  carixata,  d'Archiac  <£■  Ilaime.   Plate  L1V,  Figs.  1-9,  and  Plate  LV,  Figs.  1-8. 

The  test  is  elongate,  low,  bilobed  in  front,  narrowed  behind  and  truncated  pos- 
teriorly ;  upper  surface  very  slightly  convex. 

The  measurements  are — length  9  centim.,  breadth  7  centim.,  height  3  centim. ;  a 
second  is  6  centim.  in  length. 

Actinal  surface  of  the  test  almost  flat,  except  near  and  in  front  of  the  anus, 
where  it  presents,  in  the  median  line,  an  oblong  and  subcarinate  keeL  In  some 
individuals  the  odd  intemulial  area  is  slightly  raised  above  the  anus. 

The  four  generative  pores  are  small  and  close ;  the  madreporic  body  is  indistinct, 
oval,  and  elongate  in  the  antcro-posterior  direction  of  the  test.  The  plates  which 
surround  the  apical  disk  immediately,  are  surrounded  by  an  oval-shaped  non-sinuous 
fasciole,  rounded  behind,  and  the  anterior  branches  of  which  become  close  on  the  level 
with  the  ends  of  the  anterolateral  ambulacra.  Those  plates  which  belong  to  the 
ambulacra  within  the  fasciole,  are  perforated  by  very  small  pores  in  a  series  which 
forms  an  angle  with  the  line  of  the  other  ambulacral  pairs.  The  large  pairs  of  pores  of 
the  petals  commence  at  the  outer  edge  of  the  internal  fasciole,  and  are  formed  of  large 
pores  which  open  into  transverse  grooves  separated  by  great  costac.  The  poriferous 
zones  are  in  shallow  grooves,  are  broad  and  straight ;  they  close  the  petals  externally. 
The  poriferous  zones  of  the  anterolateral  ambulacra  are  shorter  than  those  of  the 
posterior,  and  those  of  the  same  ambulacra  are  unequal  amongst  themselves.  In  the 
antero-lateral  petals  it  is  the  anterior  zone  that  is  the  shortest  and  which  commences 
furthest  from  the  apical  system.  In  the  posterior  i>ctals,  the  anterior  poriferous  zone  is 
the  longest.  The  petals  are  moderately  broad  and  long,  and  angular  externally.  The 
posterior  petals  are  rather  close  and  the  antero-lateral  are  wide  apart  and  placed  almost 
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transversely.  The  anterior  ambulacrum  is  not  petaloid ;  it  is  in  a  slight  groove  and 
the  pores  are  but  slightly  distinct. 

The  peripetalous  fasciole  is  very  slightly  sinuous,  is  subelliptical  and  rather  close 
to  the  ends  of  the  petals.  The  anterior  and  the  anterolateral  interradia  have  largo 
tubercles  on  those  portions  which  are  within  the  peripetalous  fasciole.  The  tubercles 
are  large,  close,  and  sunk  in  deep  scrobicules.  The  odd  interradium  and  also  the 
ambulacra  are  nearly  smooth  or  finely  granular.  Actinally  the  ambulacra  are  smooth 
and  only  marked  by  the  pores,  which  are  distinct.  In  front  of  the  anus  in  the  median 
line  there  is  an  oblong  and  subcarinatc-shaped  mass  of  granules.  The  interradia  on 
this  surface  are  covered  with  large,  close,  and  prominent  granules. 

The  mouth  is  situated  at  the  anterior  one  fourth  of  the  distance  from  the  front  to 
the  back  of  the  test.  The  anus  is  marginal,  the  pcriproct  large,  angular  upwards, 
sub-oval,  and  elongate  in  the  direction  of  the  vertical  axis  of  the  test.  In  some 
individuals  the  odd  interradium  is  raised  into  the  shape  of  a  keel. 

Correct  as  this  diagnosis  is  for  the  most  part,  yet  there  are  several  misconceptions 
in  it  and  there  are  some  very  important  details  omitted  which  would  fix  the  species 
very  decidedly.  These  defects  are  not  to  be  laid  to  the  charge  of  the  distinguished 
French  savants,  but  to  the  imperfect  nature  of  their  specimens. 

Shape.  The  shape  is  somewhat  variable,  and  there  are  three  types  which  clearly 
belong  to  this  species  and  which  have  slightly  different  shapes.  Taking  one  of  these 
as  the  normal  form  (Plate  L1V,  Fig.  5),  it  may  be  described  as  long,  low,  and  rather 
broad,  is  generally  ovoid,  rounded  in  front  except  where  there  is  a  broad  and  shallow 
marginal  groove,  broadest  a  little  in  front  of  the  centre  and  on  a  line  with  the  apical 
system,  the  same  breadth  extending  backwards  for  a  short  space  and  then  gradually 
diminishing  until  a  decided  posterior  truncation  is  reached,  so  that  there  is  a  nipping 
in  behind,  especially  posteriorly  to  the  ends  of  the  posterior  ambulacra.  The  margin 
of  the  base  is  rather  sharply  curved,  and  immediately  above,  the  test  is  tumid  in  the 
anterior  regions,  almost  vertical,  for  a  little  height  on  a  level  with  the  posterior 
ambulacra,  sloping  more  gently  along  the  course  of  the  posterior  ambulacra 
to  the  side  of  the  truncation,  and  finally  truncated  posteriorly,  for  the  depression 
in  which  is  the  periproct,  the  surface  looking  backwards  and  downwards.  The 
front  of  the  test  rises,  on  either  side  of  the  broad  anterior  sulcus,  in  a  somewhat 
sudden  manner,  and  after  being  vertical,  slopes  with  a  very  broad  curve  to  a  comparatively 
flat  area,  with  a  very  slight  ascent  posteriorly  and  behind  the  apical  system.  This 
gentle  slope  persists  to  about  one  third  of  the  distance  from  the  apical  system  to  the 
edge  of  the  truncation,  but  the  slope  then  commences  to  be  in  the  opposite  direction 
and  is  a  little  more  decided  than  in  front.  So  the  highest  point  of  the  test  is  behind 
the  apical  system,  the  antcrc-postcrior  curvature  after  the  dorsal  surface  has  been 
reached  being  slight.  There  is  some  slight  angularity  of  the  margins  of  the  test,  and 
the  slight  lateral  swellings  which  produce  them  are  one  on  the  edge  of  the  anterior 
interradium,  just  behind  the  faint  keel  of  the  side  of  the  sulcus ;  another  on  the  lateral 
interradium  close  behind  the  line  of  the  anterolateral  ambulacrum ;  and  the  third  still 
further  behind  and  at  the  spot  whence  the  slope  towards  the  truncation  takes  its  rise 
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on  the  flank  of  the  test.  The  three  lateral  swellings,  of  which  the  middle  one  is  the 
least  developed,  are  symmetrically  placed  on  both  sides  of  the  test,  and  although  they 
do  not  appear  to  relate  to  any  structural  peculiarity  on  the  dorsum,  they  are,  on  the 
actinal  surface,  the  points  whence  as  many  series  of  concentric  lines  of  small  tubercles 
arise,  giving  a  very  varied  appearance  to  the  ornamentation  of  the  base. 

The  actinal  surface  of  the  test  is  not  flat,  for  there  is  a  slight  hollowness  around 
the  mouth,  a  gentle  convexity  of  the  anterior  interradia  from  before  backwards,  a  less 
convexity  of  the  lateral  interradia  from  side  to  side,  and  a  decided  carination  along  the 
median  line  of  the  sternum,  culminating  far  back  in  a  pointed  downward-projecting 
summit.  This  last  is  crossed  by  the  subanal  fasciole  and  forms  the  spot  on  which 
the  test  rests  posteriorly.  Since  the  base  rests  on  this  projection  and  on  the  convexity 
in  front  of  the  peristome,  the  greater  part  of  the  actinal  surface  does  not  touch  the 
supporting  substance,  and  there  is  a  decided  space  seen  especially  between  the  peri- 
stome and  the  surface  on  which  the  Urchin  rests.  The  posterior  lip  of  the  peristome 
projects  downwards,  is  semi-nodular,  and  carries  many  large  granules. 

Behind  the  posterior  projection  of  the  keel  and  within  the  subanal  fasciole,  the 
test  slopes  upwards  and  backwards,  to  reach  the  rim  of  the  broad  smooth  surface,  which 
is  below  the  depression  for  the  anus. 

The  lower  part  of  the  truncation,  or  that  which  is  within  the  semicircular  area 
enclosed  by  the  subanal  fasciole,  is  convex  from  side  to  side  and  projects  along  the 
median  line  as  a  faint  ridge.  The  smooth  i-urface  above  the  upper  part  of  the  fasciole 
is  very  concave  and  at  the  upper  part  of  this  depression  is  the  periproct.  Its  normal 
shape  is  pyriform,  the  broad  base  being  towards  the  actinal  part  of  the  test,  and  the  narrow 
and  angular  upper  part  being  close  below  the  edge  of  the  low  rounded  broad  keel  of 
the  odd  interradium.  In  that  sense  the  periproct  is  marginal ;  but  it  is  only  near,  and 
not  in  or  on,  the  upper  and  posterior  margin  of  the  odd  interradium.  It  is  by  no  means 
marginal  according  to  the  usual  application  of  the  term,  for  it  is  some  distance  above 
the  posterior  margin,  even  if  that  part  is  supposed  to  be  the  top  of  the  subanal 
fasciole.  The  posterior  edge  of  the  odd  interradium  forms  a  broad  and  low  arch,  and 
where  the  point  of  the  periproct  comes  near  it  the  edge  is  thin ;  but  on  either  side  of 
this  central  spot  there  is  a  thickening  of  the  sides  of  the  arch.  The  posterior  structures 
give  a  greater  vertical  thickness  to  the  end  of  the  odd  interradium  thau  is  seen  in  the 
anterior  part  of  the  test. 

The  sulcus  for  the  anterior  ambulacrum  is  well  developed  as  far  back  as  a  line  a 
little  in  advance  of  the  anterior  poriferous  zones  of  the  antero  lateral  ambulacra,  where 
it  becomes  shallower  but  broader;  thence  it  diminishes  to  the  apical  system.  This  is 
usually  in  a  continuation  of  the  shallow  groove,  which  may  even  pass  as  far  back  as  the 
posterior  angle  of  the  internal  fasciole. 

The  apical  system  is  small,  narrow,  broader  behind  than  in  front,  and  long,  the 
length  being  due  to  the  backward  projection  of  the  madreporite,  which  passes  as  a 
triangular  structure  between  the  highest  plates  of  the  odd  interradium  (5)  and 
separates  plates  1  and  2  of  zone  "  a  "  from  their  fellows  of  zone  "  b,"  on  the  other  side 
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of  the  median  line.  The  madreporite  may  be  traced  in  some  specimens  in  between  the 
basals  14  2  "  and  "  3  " ;  again,  »  similar  intrusion  of  it  exists  between  the  anterior  and 
posterior  basals,  a  few  foramina  being  seen  as  lateral  offshoots  of  the  main  mass  of  the 
madreporite.  The  apex  of  this  triangle  is  close  to  the  posterior  suture  of  the  second 
plate.  The  pairs  of  pores  for  the  ducts  of  the  generative  glands,  and  the  pores 
themselves  are  close:  the  anterior  pair  are  slightly  smaller  than  the  posterior,  and  are 
closer,  rather  oval  in  outline,  and  their  long  axis  is  oblique,  the  direction  being  outwards 
and  forwards  and  therefore  away  from  the  long  axis  of  the  test.  The  anterior  pair  of 
basals  are  small  and  the  openings  occupy  the  greater  part  of  them.  The  lateral  basals 
behind  these  last  are  larger,  and  their  pores  are  larger  than  those  just  mentioned,  and 
although  but  slightly  varying  from  a  circle  in  outline,  it  is  clear  that  their  long  axis  is 
directed  forwards  and  slightly  inwards. 

The  anterior  ambulacrum  is  very  long,  and  is  very  narrow  on  the  dorsum.  The 
divergence  of  the  poriferous  zones  is  very  slight  from  the  apex  to  the  margin ;  there 
it  contracts  again  for  a  short  space  and  again  expands  before  reaching  the  peristome. 

At  the  commencement  and  near  the  radial  plate,  the  pairs  of  pores  arc  numerous 
and  close  in  succession,  and  the  pores,  placed  one  before  the  other,  are  separated  by  a 
small  but  prominent  granule.  Further  out,  but  still  within  the  line  which  would  unite 
the  transverse  portions  of  the  antero-lateral  ambulacra,  the  pairs  of  the  pores  of  the 
anterior  ambulacrum  are  in  slight  depressions  surrounded  with  a  minute  granulation. 
As  the  plates  are  large  near  the  position  of  the  crossing  over  of  the  internal  fasciole, 
the  pairs  of  pores  are  further  apart  there,  and  their  distance  increases  gradually  to  the 
margin.  On  the  actinal  surface  the  plates  of  the  ambulacrum  are  large,  and  expand  so 
that  the  second  from  the  peristome,  on  both  of  the  ainbulacral  zones,  is  the  largest. 

The  pcripodial  processes  of  this,  and  indeed  of  all  the  ambulacra,  are  large,  ear- 
shaped,  slightly  sunken  below  the  level  of  the  granular  surface  of  the  test,  slightly 
tumid  around,  or  on  one  side  of  the  pore,  which  is  usually  elongate.  The  peristomial 
margin  of  the  ambulacrum  has  the  plate  on  zone  "  b  "  large,  and  of  course  perforated 
by  two  pores,  each  in  a  pcripodial  process ;  but  the  edge  of  that  plate  corresponding  to 
the  interradium  no.  3  is  not  straight,  but  has  a  re-entering  angle  placed  on  a  line  with 
the  space  between  the  two  peripodial  processes.  Hence  the  plate  is  nipped  in  as  it 
were,  and  this  condition  existing  in  the  plate  "  a "  of  ambulacra  no.  4  increases  the 
breadth  of  the  peristomial  plate  of  the  interradium  3.  The  peristomial  ambulacral 
plate  "  a  "  has  the  usual  solitary  pore,  and  is  decidedly  smaller  than  its  neighbour  of 
the  zone  "  b."  The  plate  is  contracted  near  the  margin,  and  the  second  plate  of  the 
same  zone  comes  not  very  far  from  the  peristome,  so  that  its  peripodial  process  lies 
anterior,  and  towards  the  median  line  in  relation  to  the  pore  of  the  marginal  plate. 
The  peripodial  process  of  this  marginal  plate  is  nearer  the  margin  of  the  peristome  than 
that  of  the  plate  of  zone  "  b,"  and  this  last  is  nearer  the  median  line  of  the  ambulacrum 
than  the  other.  The  expansion  of  the  actinal  plates  of  the  ambulacrum  is  almost  without 
ornament ;  but  the  plates  are  very  sparely  marked  with  distant,  yet  distinct,  granules ; 
the  sutures  are  in  shallow  depressions,  and  the  plates  are  slightly  tumid.    There  are 
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no  secondary  tubercles  resembling  those  of  the  interradia  on  the  ambulacral  surface, 
the  comparative  plainness  of  which  contrasts  with  the  regular  and  large  ornamentation 
of  the  interradia. 

Within  the  groove  at  the  margin  of  the  test  in  front,  the  ornamentation  of  the 
ambulacrum  is  small  and  closely  granular,  and  there  is  an  indefinite  series  of  very 
small  but  perfect  tubercles,  which  may  be  traced  to  the  apical  region.  The  position  of 
the  somewhat  broken  series  is  just  between  the  pairs  of  pores  and  the  median  line. 
These  little  tubercles  become  larger  actinally  and  wider  apart.  Finally  the  actinal 
surface  of  this  ambulacrum,  although  it  appears  flat,  is  slightly  convex  from  side  to  side, 
and  there  is  no  median  grooving;  but  the  periston) ial  plates  rise  in  the  proper  position 
of  the  test,  and  form  part  of  the  anterior  margin  of  the  peristome. 

The  anterolateral  ambulacra  are  nearly  transverse  in  those  parts  which  are  ex- 
ternal to  the  internal  fasciole,  especially  the  anterior  poriferous  zone.  This  may  be 
slightly  curved,  so  as  to  bring  the  outer  end  more  to  the  front,  or  there  may  be  a  double 
curving,  which  renders  the  zone  rather  sinuous,  there  being  a  convexity  forwards  in  the 
neighbourhood  of  the  fasciole. 

The  posterior  zone  is  wide  apart  from  the  anterior  close  to  the  internal  fasciole, 
and  either  there  is  a  nearly  straight  part  between  this  part  and  the  external  end  of  the 
ambulacrum,  or  there  is  some  slight  sinuosity  of  the  posterior  zone.  There  is  much 
variation  in  the  relative  direction  of  these  two  zones,  and  in  some  large  specimens  there 
is  an  anterior  concavity  of  the  anterior  one. 

The  ambulacra  now  under  consideration  are  angular  at  the  external  end  of  the 
perfect  poriferous  zones ;  within  the  internal  fasciole  the  ambulacrum  is  also  triangular, 
the  base  being  at  the  fasciole  and  the  apex  at  the  radial  plate.  In  this  triangle  the 
posterior  zone  of  pores  is  nearly  transverse,  whilst  the  anterior  zone  slants  from  the  pair 
of  pores  immediately  in  contact  with  the  internal  fasciole  to  the  proper  radial  plate. 

The  poriferous  zones  outside  the  internal  fasciole  are  broad,  not  very  long,  for 
they  do  not  pass  over  the  sudden  curve  of  the  test  above  the  ambitus,  and  the  pairs  of 
pores  are  in  deep  and  large  depressions  which  are  separated  by  costte,  thin  and  granular 
on  the  free  edge,  and  thick  and  very  solid  where  they  merge  into  the  floor  of  the 
poriferous  plate. 

The  pores  of  each  pair  are  large,  wide  apart,  deeply  seated,  and  the  anterior  row 
of  the  anterior  zone  and  the  posterior  row  of  the  posterior  zone  are  larger  than 
those  of  the  other  rows.  The  smaller  pores  are  nearly  circular  in  outline,  and  the 
largest  are  pyriform.  The  whole  of  the  ambulacrum  external  to  the  internal  fasciole 
is  slightly  depressed  below  the  level  of  the  interradia,  but  whilst  the  poriferous  zones 
arc  in  shallow  grooves  the  interporiferous  areas  are  rather  tumid.  These  last  arc  crowded 
with  granules  of  at  least  two  kinds,  and  some  very  small  tubercles  are  found  amongst 
them  with  tiny  mamelons.  Near  the  internal  fasciole  the  granules  aud  minute  tubercles 
are  arranged  in  more  or  less  perfect  rows  parallel  to  the  fore  and  aft  running  fasciole. 

The  pair  of  pores  in  the  anterior  zone  next  to  the  fasciole  abort  more  or  less ;  but 
they  arc  really  miniature  representations  of  the  larger.    In  many  large  specimens,  how- 
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ever,  the  pair  is  only  slightly  diminished  in  size.  The  pairs  of  pores  within  the  internal 
fasciole  are  small,  rather  close,  and  quite  as  numerous  as  the  others.  The  pores  are 
close,  very  small,  except  in  the  instance  of  the  pair  close  to  the  fasciole,  and  their 
direction  is  transverse  near  the  small  radial  plate  aud  a  little  oblique  further  out. 

The  posterior  poriferous  zone  within  the  fasciole  has  almost  invariably,  but  not 
universally,  three  or  four  pairs  of  pores  which  are  similar  to  those  beyond  the  fasciole ; 
they  are  smaller,  especially  that  pair  which  is  just  within  the  fasciole  and  that  nearest 
the  first  very  small  pair.  Usually  the  second  of  these  larger  pairs  is  nearly  as  large 
as  one  of  the  outer  set.  The  direction  of  these  few  pairs  of  pores  is  not  in  continuation 
with  the  line  of  the  posterior  poriferous  zone  from  the  angle  of  the  ambulacrum,  for  it 
is  almost  transverse  to  the  long  axis  of  the  test 

The  very  small  pairs  which  continue  the  larger  set  to  the  radial  plate  are  seven  or 
eight  in  number,  the  pores  are  very  small,  and  they  are  not  separated  by  any  ornament. 
The  little  pairs,  however,  are  in  slight  depressions  which  are  sunken  in  a  granular 
ornament.    The  direction  of  their  pores  is  forwards  and  a  little  outwards. 

The  outer  angle  of  the  anterolateral  ambulacra  is  formed  by  the  approach  and 
contact  of  the  poriferous  zones,  not  that  the  pairs  of  pores  alter  their  direction  and 
close  like  the  radii  of  a  part  of  a  circle.  The  intcrporiferous  area  diminishes  in  antero- 
posterior dimension  and  becomes  as  it  were  thin,  permitting  the  poriferous  zones  to 
come  in  contact.  This  is  owing  to  a  diminution  in  the  breadth  of  the  ambulacral 
plates  towards  the  end  of  the  series  of  great  pores.  Usually  the  poriferous  plate  at  the 
end  of  the  posterior  zones  is  smaller  than  the  others,  and  it  gives  a  preponderance  in 
length  to  those  zones,  for  the  pair  on  the  outside  of  the  anterior  zoues,  corresponding 
in  position  to  that  pair  which  has  just  been  noticed,  is  very  much  smaller.  This  anterior 
pair  is  in  a  simple  depression,  its  pores  are  very  small,  and  yet  their  direction  is  that  of 
the  larger.  Further  out  the  antero-lateral  ambulacra  take  a  different  direction  from 
those  parts  which  have  been  described,  become  larger,  both  in  height  and  in  breadth, 
and  this  expansion  proceeds  as  far  as  the  edge  of  the  test,  where  narrowing  and  increase 
in  height  occur.  The  direction  of  the  lines  of  the  pairs  of  pores  of  this  part  of  the 
ambulacra  is  not  in  continuation  with  that  of  the  main  poriferous  zones,  but  is  oblique, 
and  in  the  direction  outwards  and  slightly  forwards.  On  the  side  of  the  test  the 
ambulacra  bend  slightly,  with  a  convexity  forwards,  and  are  in  advance  of  the  peristome 
were  a  line  to  be  drawn  from  it  to  the  anterior  edge  of  the  ambulacral  plates. 

The  pores  of  these  extra-petaloid  plates  arc  exceedingly  minute,  and  their  direction 
is  more  or  less  transverse ;  but  after  a  few  plates  there  is  only  one  pore  to  each,  and  it 
is  not  on  the  suture. 

Below  the  edge  of  the  test  the  plates  diminish  in  breadth,  and  in  a  worn  specimen 
there  are  five  seen,  the  last  being  in  its  proper  zone  at  the  peristomial  margin.  The 
pores  become  larger  on  the  actinal  surface  and  are  placed  on  the  transverse  sutures. 

At  the  peristome  the  plates  are  slightly  bioader  than  further  out,  but  they  are 
not  so  high.  In  ambulacrum  no.  IV.  the  peristomial  plate  of  zone  a  has  two  peripodial 
processes  and  that  of  zone  b  but  one.    Moreover  the  plate  a  is  the  larger.    On  the 
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opposite  ambulacrum  no.  II.,  the  peristomial  plate  of  zone  a  is  the  largest,  and  has  two 
pores,  each  surrounded  by  a  peripodium,  whilst  the  smaller  plate  of  b  has  but  one,  and 
there  is  a  cavity  in  which  a  sphsridium  was  probably  once  placed.  The  ornamentation  of 
the  peristomial  part  of  the  ambulacra  resembles  that  of  the  odd  one ;  but  in  passing  over 
the  side  of  the  test  and  on  to  the  actinal  surface  to  the  third  plate  from  the  peristome,  the 
plates  have  the  ornamentation  of  the  interradia.  The  peristomial  edge  of  these  ambu- 
lacra is  a  nnrrow,  curved,  plain  ledge.  There  are  usually  one  or  two  peripodial  pro- 
cesses beyond  those  of  the  peristomial  plates,  and  it  is  interesting  to  note,  in  some 
instances,  that  these  peripodia  occupy  the  place  of  a  tubercle. 

The  posterior  ambulacra  are  longer  than  the  anterc-lateral,  are  rather  close,  reach 
to  the  part  of  the  test  where  narrowing  commences,  and  have  an  extra-  and  an  intra- 
fasciolar  part. 

Beyond  the  fasciole,  the  outer  poriferous  zones  are  long,  nearly  straight,  being 
slightly  bent  near  it.  Like  all  the  zones,  this  one  is  slightly  sunken.  The  general 
construction  is  that  of  the  zones  already  described,  and  the  number  of  pairs  of  pores  is 
from  twelve  to  twenty,  according  to  the  length  of  the  individual. 

The  inner  zone,  beyond  the  internal  fiisciole,  is  shorter  than  the  outer,  commences 
on  a  line  much  behind  it,  is  slightly  wavy,  and  comes  close  to  the  outer  zone  so  as  to 
close  the  petal.  The  interporiferous  area  is  slightly  tumid,  and  ornamented  as  the 
antero-lateral  area.  Close  to  the  internal  fasciole  the  pairs  of  pores  arc  smaller  than 
elsewhere  in  that  part  of  the  zone,  and,  except  in  very  large  specimens,  there  are  no 
large  pairs  within  the  fasciole. 

Within  the  fasciole  the  direction  of  the  pairs  of  pores  of  both  of  the  zones 
changes,  and  some  pairs  of  very  minute  pores  pass  towards  the  radial  plate,  with  a 
direction  forwards  and  inwards  from  the  outer  zone.  They  are  in  a  slight  groove. 
The  internal  poriferous  zone  within  the  fasciole  is  longer  than  the  outer,  its  direction 
is  almost  parallel  with  the  median  line  behind  the  apical  disk,  and  it  is  separated  from 
its  fellow  by  the  narrow  odd  interradium. 

The  actinal  part  of  these  ambulacra  is  very  broad  on  the  side  of  the  sternum,  and 
their  plates  are  unusually  large  and  distinct. 

At  the  peristome  the  width  of  the  zones  is  less  than  further  back ;  but  it  is  great 
nevertheless,  and  the  two  sets  of  peristomial  plates  of  the  ambulacra  V.  and  L  are  so 
large  that  they  contrast  with  the  narrow  posterior  lip,  and  the  still  narrower  peristomial 
ends  of  the  interradia  on  either  side.  The  plates  at  the  peristomial  margiu  of  zones 
a  of  ambulacrum  L,  and  b  of  ambulacrum  V.,  are  larger  than  the  plates  of  the  zones 
b  and  a  of  ambulacra  I.  and  V.  respectively. 

The  larger  plates,  moreover,  arc  pierced  by  two  pairs  of  pores  and  have  two  peri- 
podia on  each.  The  outer  and  smaller  plates  have  only  one  peripodial  process.  There 
are  deep  depressions  close  to  the  peripodia  for  the  sphseridia  in  all  the  peristomial 
plates  of  these  ambulacra  of  ihe  bivium.  With  regard  to  the  other  plates  of  the 
posterior  ambulacra,  they  are  symmetrically  placed  on  either  side  of  the  sternum,  and  it 
will  therefore  only  be  necessary  to  treat  of  those  of  one  ambulacrum.    Taking  no.  1, 
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it  will  be  found  that  in  zone  a,  the  second  plate  immediately  posterior  to  the  peri- 
stomial  with  two  peripodia,  is  longer  than  broad,  large,  and  has  a  peripodium  at  the 
anterior  and  outer  angle,  close  to  the  transverse  suture  between  the  first  and  second 
plates.  A  few  granules  are  borne  upon  it.  Plate  3  is  larger  than  the  other  two  com- 
bined, and  is  long  and  broader  than  the  last.  The  peripodium  is  small  and  close  to 
the  suture  at  the  antero-external  angle.  The  fourth  plate  is  nearly  as  large  as  the  third ; 
but  there  is  only  a  simple  pore  in  it,  and  it  is  some  distance  from  the  anterior  suture. 
Plate  5  is  about  half  the  size  of  the  last-mentioned,  and  is  longer  than  broad ;  the 
pore  is  very  small,  and  is  nearer  to  the  anterior  and  inner  angle  than  to  the  outer. 
The  sixth  plate  is  of  course  much  smaller  than  the  fifth,  is  broader  than  long,  and  is 
placed  obliquely,  the  greatest  length  being  in  the  direction  outwards  and  forwards. 
This  plate  bounds  the  episternura  externally,  and  towards  the  median  line  of  the  test  is 
only  separated  from  its  fellow  plate  of  the  opposite  side  by  the  narrow  junction  of  the 
episternal  and  subanal  plates.  The  plate  is  therefore  one  of  those  which  are  crossed 
by  the  subanal  fasciole,  and  the  inner  part  is  long  from  the  median  line  outwards  and 
forwards.  The  pore  is  small,  and  placed  close  to  the  episternum  at  the  inner  and 
anterior  angle  of  the  expanded  part,  which  is  external  to  the  fasciole.  The  narrow 
internal  part  of  the  plate  forms  with  six  other  corresponding  parts  of  plates  one  side  of 
the  subanal  plastron,  which  is  limited  by  the  subanal  fasciole.  The  part  of  the  plate 
within  the  fasciole  is  broad  from  within  outwards,  and  short  in  the  antero-posterior 
direction,  and  this  is  the  shape  of  the  other  parts  of  plates  entering  into  the  con- 
struction of  the  shield. 

The  ornamentation  of  the  plates  within  the  fasciole  is  of  a  very  elaborate  kind,  con- 
sisting of  a  row  of  perfect  small  tubercles  on  each  plate.  The  tubercles  are  minute  near 
the  fasciole,  and  increase  in  size  to  the  inner  end  of  the  plates.  Plates  7  to  11  decrease 
in  size  and  breadth,  for  they  arc  on  the  flank  of  the  widening  interradial  plate  no.  4. 
Each  plate  of  this  group  has  a  part  outside  of  the  fasciole  which  is  almost  plain,  and  a 
part  within  which  has  the  ornamentation  of  the  sixth  plate.  The  pores  are  double  in 
each  of  these  plates,  and  are  placed  on  the  anterior  suture,  just  within  the  fasciole,  and 
in  the  narrow  groove  between  the  ornamented  parts.  The  pores  of  each  pair  are  close, 
and  are  excavations  in  the  sutural  edge.  The  six  pairs  of  pores  form  a  curve  within  the 
fasciole,  and  the  last  pair  is  remotest  from  the  median  line.  Taking  the  other  zone 
into  consideration  it  will  be  noticed  that  the  peristomial  plate  (1,  of  b)  has  one  peripodium 
and  a  depression  for  a  sphucridium,  and  that  the  plate  is  smaller  than  a  1.  Plate  b  2  has 
one  peripodial  process  and  a  sphrcridium  pit,  and  the  posterior  suture  of  this  small  plate 
docs  not  extend  posteriorly  to  the  anterior  half  of  the  plate  a  2.  Plate  3  is  long  and 
narrow,  and  the  imperfect  peripodial  process  nearly  occupies  the  whole  of  the  anterior 
part  Plates  4  and  5  arc  large,  long,  and  broad,  and  the  pores  are  small  and  near  the 
anterior  sutures.  Plate  6  is  almost  square,  and  is  much  larger  than  its  fellow  of  zone 
a ;  the  pore  is  small  and  some  distance  from  the  anterior  suture.  Plates  7  to  11 
are  small  and  diminish  in  length  and  breadth  ;  they  arc  more  or  less  rectangular  and 
somewhat  curved,  with  the  convexity  backwards.    Their  pores  are  single,  and  each  is 
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on  the  anterior  suture.  The  twelfth  plate  is  larger  than  those  immediately  anterior  to 
it,  and  the  others,  which  are  of  higher  number,  increase  in  size  until  the  crossing  of 
the  peripctalous  fasciole.  The  ornamentation  of  the  ambulacral  plates  after  the  second 
pair  is  very  simple.  In  well-preserved  specimens  there  are  always  distant  granules  to  be 
seen,  which  become  rather  crowded  near  the  interradia.  In  some  specimens  there  are 
linear  depressions  on  the  plates,  one  to  each,  and  there  ore  two  minute  granules  in  each. 

The  peristome  is  crescent-shaped  in  front  and  at  the  sides,  and  the  posterior  lip 
projects  forwards  and  downwards,  and  is  at  a  lower  level  than  the  rest  of  the  mouth,  the 
whole  being  within  a  concavity  in  the  anterior  third  of  the  actinal  surface. 

The  peripetalous  fasciole  is  narrow  and  continuous.  It  crosses  the  posterior  inter- 
radium  about  halfway  between  the  end  of  the  posterior  petals  and  the  edge  over  the 
anus,  curves  towards  and  round  the  end  of  the  posterior  petals,  and  passes  forwards 
with  a  slight  convexity  towards  the  ambitus,  to  reach  the  ontero-lateral  ambulacra  at 
some  little  distance  from  the  termination  of  the  large  pairs  of  pores.  During  this 
last  part  of  its  course  the  fasciole  bounds  externally  an  area  on  which  are  four  rows 
of  large  sunken  tubercles,  the  outer  row  being  the  longest  as  a  rule.  From  this  spot 
the  fasciole  passes  with  a  slight  curve  to  the  anterior  groove,  and  crossing  this  at 
some  distance  from  the  margin  of  the  test,  meets  its  fellow  of  the  opposite  side. 
In  this  part  of  its  course  the  fasciole  bounds  a  tubcrculate  area  where  four  more  or 
less  developed  rows  are  seen. 

The  internal  fasciole  is  also  narrow,  and  is  usually  situated  in  a  very  shallow 
groove:  but  sometimes  this  becomes  indistinct.  Posteriorly  this  fasciole  forms  a 
wide  angle  between  the  closely  approximated  poriferous  zones  of  the  posterior  ambu- 
lacra (zones  b  of  no.  V.  and  a  of  no.  I.).  It  crosses  these  poriferous  zones,  dividing 
the  large  from  the  minute  pairs,  at  about  the  seventh  interradial  plate  from  the 
apex.  The  fasciole  then  passes  forwards  and  outwards  to  reach  the  outer  poriferous 
zones  of  the  posterior  ambulacra;  thence  it  pursues  the  same  line,  and  shortly 
crosses  the  posterior  poriferous  zones  of  the  antero-laternl  ambulacra,  at  spots  on  a 
line  drawn  across  the  apical  system.  In  both  of  the  approximated  zones  of  the 
ambulacra  there  are  some  pores  separated  from  their  fellows.  From  these  places  the 
fasciole  passes,  being  rather  narrower,  forwards.  It  crosses  the  anterolateral  ambu- 
lacra and  in  front  of  the  first  large  sunken  tubercle  of  the  anterior  interradia.  Passing 
a  little  further  to  the  front  and  nearly  to  the  second  tubercle  the  fasciole  crosses  the 
anterior  groove,  the  broad  keels  on  either  side  of  it  and  the  narrow  odd  ambulacrum  on 
its  floor.    This  part  of  the  fasciole  is  narrow  and  is  curved  forwards. 

The  subanal  fasciole  is  well  marked  and  broad,  and  environs  a  more  or  less  uneven 
surface  irregularly  semicircular  in  shape.  The  convexity  of  the  path  of  this  fasciole 
is  forwards  to  the  keel  on  the  actinal  surface  at  the  junction  of  the  sternum  and  epi- 
sternum.  The  band  is  limited  posteriorly  by  the  plain  surface  beneath  the  anal  opening. 
The  fasciole  crosses  the  posterior  ambulacra  and  includes  no  less  than  seven  plates  of 
the  inner  zones,  and  these  form  an  angular  surface  on  both  sides  of  the  epistcrnum 
and  succeeding  interradial  plates. 
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The  pairs  of  pores  of  the  included  zones  are  just  within  the  fasciole,  and  those  of 
the  outer  zones  are  considerably  beyond  it.  The  ornamentation  of  these  plates  has 
l>een  noticed ;  but  it  is  to  be  remarked  that  the  fasciole  is  made  up  of  exceedingly 
minute  and  crowded  granules  with  a  row  of  large  ones  on  the  edge.  There  is  a  median 
line  of  small  tubercles  in  the  area,  and  a  plain  surface  above  it. 

The  anterior  interradia  on  the  dorsum  are  minutely  tuberculated  juBt  above  the 
margin,  and  still  higher  up  a  minute  granulation  separates  some  slightly  larger 
tubercles  into  irregular  transverse  lines,  which  are  complicated  in  some  individuals  by 
the  presence  of  offshoots  of  the  front  part  of  the  fasciole.  The  great  sunken  tubercles 
are  between  the  fasciole  and  the  keel  on  the  side  of  the  anterior  groove.  Usually  there 
are  three  irregular  rows  of  them,  and  one  solitary  tubercle  is  nearest  the  crossing  point 
of  the  internal  fasciole  and  the  anterior  poriferous  zones  of  the  antcro-lateral  ambulacra. 
There  are  about  13-15  tubercles  in  the  rows  in  a  typical  adult  form,  and  there  is  some 
variation  in  the  size  of  those  of  the  same  row.  The  smallest  tubercles  are  in  the  outer 
row  and  the  most  perfect  are  in  the  rows  nearest  the  apex. 

A  typical  tubercle  has  a  deep  snuken  scrobicule,  departing  slightly  from  the 
circular  in  outline.  The  boss  is  much  smaller  than  the  scrobicule,  rises  suddenly  from  its 
centre  as  a  cylindrical  cone,  and  comes  very  slightly  above  the  general  level  of  the  surface. 
It  is  capped  by  a  small  narrow  perforate  mamelon,  which  is  much  smaller  than 
the  top  of  the  boss,  which  has  a  wide  groove  around  its  base.  On  the  anterior  part 
of  the  collar  around  the  groove  are  a  few  close  nodular  processes,  simulating  a  rough 
crenulation ;  but  this  condition  is  only  found  on  one  part  of  the  periphery  of  the  boss. 
The  bosses  are  in  the  middle  of  the  scrobicules,  and  these  have  sharp  edges  which  are 
separated  by  much  close  granulation.  The  rows  of  tubercles  in  the  lateral  interradia 
are  longer  and  contain  more  tubercles  than  the  anterior  sets.  Three  rows  and  a  solitary, 
or,  in  some  instances,  two  tubercles,  are  seen  in  the  lateral  interradia,  and  the  number 
is  from  20-24.  There  is  some  variation  in  the  size.  The  same  kind  of  granulation 
separates  these  tubercles  as  is  the  case  in  the  anterior  interradia. 

The  posterior  intcrradium  is  without  tubercles  on  the  dorsum. 

In  the  anterior  interradia,  on  the  actinal  surface,  there  are  some  closely  placed 
tubercles,  which  are  on  the  outskirts  of  the  broad  and  comparatively  bare  surface  of 
the  ambulacrum  in  front  of  the  peristome.  The  tubercles  increase  in  size  and  distance 
from  the  margin  to  the  ambulacrum  and  they  are  placed  upon  Hat  scrobicules,  raised  a 
little  at  the  edge  here  and  there,  with  a  few  small  granules  between  them  in  some 
plates.  The  boss  of  the  tubercles  is  almost  cylindrical  and  only  slightly  conical ;  it 
slants  more  or  less  and  is  usually  placed  not  in  the  centre  of  the  scrobicule.  The 
mamelon  is  small  and  tumid ;  it  is  perforate  and  the  collar  around  its  union  with  the 
boss  is  irregularly  nodular,  and  in  that  sense  is  crenulated,  but  usually  not  all  round. 
It  is  evident  that  the  anterior  interradia  come  in  contact  with  the  peristome  by  means 
of  very  narrow  parts  of  the  first  plates,  the  surfaces  of  which  arc  granular.  The 
lateral  interradia  actinally  are  well  covered  with  regularly  placed  tubercles  of  the 
same  type  as  those  of  the  anterior  interradia ;  the  tubercles  are  closer  at  the  ambitus, 
whence  they  ladiatc  eccentrically  from  two  or  three  centres,  and  they  are  also  much 
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smaller  near  the  margin  and  the  boss  is  on  one  Bide  of  the  flat  scrobicule.  The 
ornamentation  is  small  and  in  more  or  less  parallel  lines  near  the  ambitus  and  above. 
The  lateral  interradia  come  in  contact  with  the  peristome  by  means  of  a  narrow 

The  posterior  interradiam  is  narrow  and  rounded  from  side  to  side  on  the  dorsum, 
but  there  is  no  prominent  keel  there. 

On  the  actinal  Hurface  the  interradium  presents  an  exceedingly  long  plate  1,  which 
has  a  narrow,  tumid,  and  highly  granular  posterior  mouth-lip  in  front  and  a  long  narrow 
process  behind.  This  plate  1  is  bounded,  on  either  side,  by  the  three  plates  of  the 
posterior  ambulacra,  nearest  the  peristome,  the  pointed  posterior  end  being  on  a  level 
with  the  termination  of  the  first  half  of  the  third  plate  on  either  side.  The  plate  is 
very  slightly  raised  and  has  the  Bimple  granular  and  distant  ornamentation  of  the  broad 
ambulacra  on  either  side.  The  sternum  is  small  and  keeled  posteriorly,  and  generally 
rounded ;  it  is  closely  and  minutely  tuberculate  and  granular,  and  is  limited  on  either 
side  by  the  broad  ambulacra,  and  behind  by  the  subanal  fasciole  and  the  epistcrnum. 
One  plate  on  either  side  is  posterior  and  higher  than  the  episternum,  and  then  comes 
the  periproct ;  this  part  when  well  preserved  is  in  a  broad  and  deep  hollow,  and  the 
surface  of  the  subanal  plates  is  smooth. 

There  are  evidently  three  typeB  of  this  species,  which  are  of  racial  value  and  no 
more — the  normal,  the  broad,  and  the  long. 

The  amount  of  structural  difference  is  not  specific,  nor  is  it  constant.  The  following 
differences  have  been  noticed : — The  presence  of  more  large  pairs  of  pores  within  the 
fasciole,  and  the  greater  breadth  and  area  of  this  posteriorly  ;  the  indistinctness  of 
the  peripetalous  fasciole  in  front,  and  the  number  of  the  great  sunken  tubercles. 

Measurements  of  specimens  of  lireyniu  cariiiata,  d'Arch.,  from  various  localities 
in  the  Gaj  series  :  — 

a.  Length  70  mm.  Breadth  64  mm.  Height  31  mm. 

j3.      „     66  mm.  „      52  mm.  „    26  mm. 

Locality,  a.  Hills  about  two  miles  north  of  Kadeji.    Survey-number  O 

3.  Cliff-section  of  Kadeji  gorge,  thirty  miles  E.N.E.  of  Karachi.  Survey- 
number  G  Vr1- 


Length  51  mm. 

Breadth  46  mm. 

Height  20  mm. 

Locality.  About  three  miles  S.E.  of  Tong.    Survey-number  G  ^p0*. 

Length  07  mm. 

Breadth  53  mm. 

Height  27  mm. 

Locality.  Ten  miles  N.  of  Shah-beg.    Survey-number  G 

Length  02  mm. 

Breadth  48  mm. 

Height  24  mm. 

This  form  has  a  decided  roof-shaped  keel  in  the  odd  interradium  dorsally. 

Length  54  mm. 

Breadth  45  mm. 

Height  23  mm. 

„     52  mm. 

„      42  mm. 

„     22  mm. 

Locality.  Hills  east  of  Thana  Shah-beg.    Survey-number  G 

Length  50  mm. 

Breadth  38  mm. 

Height  24  mm. 

„     40  mm. 

„     36  mm. 

„     22  mm. 

„     45  mm. 

„      34  mm. 

„     21  mm. 

,,     37  mm. 

,,     27  mm. 

„      16  mm. 
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surrounding  a  triangular  space,  and  merging  into  the  narrow  path  which  is  carried  over 
the  margin  as  a  series  of  long  plates  perforated  by  one  pore.  The  ornamentation  of  the 
actinal  surface  is  of  small  tubercles,  increasing  in  size  towards  the  mouth  and  becoming 
wider  apart  also ;  they  arc  in  radiating  series  and  start  as  it  were  from  certain  pointe  on 
the  margin. 

The  tubercles,  which  are  small,  are  upon  the  usual  flat  scale-like  bases,  and  are 
perforate  as  well  as  irregularly  crenulated. 

Very  often  the  mamelon  and  part  of  the  top  of  the  boss  are  deformed. 

In  one  specimen  the  odd  ambulacrum  can  be  seen  fairly  well  and  it  is  very  narrow 
at  the  apex,  in  a  very  slight  groove  for  a  short  distance,  and  the  pores  are  small  and 
environed  with  granules.  Near  the  apical  system  there  are  pairs  of  pores  which  soon 
become  placed  with  one  pore  well  in  advance  of  the  other ;  nearer  the  margin  there  is 
only  one  pore  to  a  plate,  and  this  is  the  rule  over  the  margin. 

The  plates  of  this  ambulacrum  become  larger  actinally  ;  but  the  only  double- 
pored  plate  is  that  at  the  edge  of  the  peristome  in  the  zone  "  b  "  plate  1  of  ambulacrum 

in. 

The  part  surrounded  by  the  subanal  fasciole  looks  backwards  and  downward,  and 
is  heart-shaped.  The  anus  above  it  is  large,  elbptical,  and  is  in  the  posterior  narrow 
and  tumid  vertical  truncation. 

The  test  when  mature  is  ovoid  in  outline,  but  it  is  truncated  posteriorly.  It  is 
depressed  and  there  is  a  general  but  only  moderate  slope  to  the  median  line  of  the 
actinal  surface  from  the  rather  sharply  rounded  margin.  The  highest  point  is  behind 
the  eccentric  in  front  apical  system.  A  younger  specimen  is  proportionally  longer  in 
relation  to  breadth  than  the  more  mature  forms,  and  an  intermediate  specimen  is  defi- 
cient in  the  anterior  breadth  which  is  noticed  in  old  forms.  Growth  seems  to  take 
place  more  decidedly  in  length  and  breadth  than  in  height 

Length  of  large  specimen  9  centim.,  breadth  78  mm.,  height  42  mm. 

Length  of  middle-sized  specimen  73  mm.,  breadth  G6  mm.,  height  37  mm. 

Length  of  small  specimen  44  mm.,  breadth  35  mm.,  height  '25  mm. 

Localities.  Gaj  series  or  Miocene  of  Sind  :  Arara  Hill,  Barri  Nai,  PirGaji,  west  of 
Sehwan ;  Naig-Nai  valley.    Survey  numbers  G       and  G 

Illustration  of  t fie  Species  in  Plate  LV. 
Fig.  9.  Actinal  view  of  a  medium-sized  form. 

The  full-sized  specimens  of  this  species  recall  the  genus  Metalia  on  account  of  the 
comparatively  thin  margin  and  shape ;  but  there  is  no  anterior  sulcus,  the  actinal 
surface  is  convex,  and  the  abactinal  tubercles  are  not  those  of  the  genus.  On  the  con- 
sideration of  the  whole  of  the  structures  the  form  appears  to  be  inseparable  from  the 
genus  Brissus,  Klein. 
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IV.  Remarks  on  the  Sjtecies. 

Besides  the  remarks  made  hitherto  we  make  the  following  observations. 

The  predominant  forms  of  regular  Echini  in  the  Gaj  scries  belong  to  the  genera 
Cidaris,  Calupleurus,  and  Hipponue.  The  species  of  the  last-named  genus  attain  truly 
gigantic  proportions  ;  and  from  the  fact  that  they  have  not  been  found  in  older  strata, 
a.s  well  as  from  their  not  infrequent  occurrence  in  the  Gaj  series,  constitute  a  characteristic 
feature  in  the  horizon  under  notice,  and  help  to  emphasize  its  modern  facies.  Both  the 
Sindiun  forms  of  Hijtponoe  we  consider  to  be  specifically  distinct  from  the  H.  Schneideri 
described  by  Bolim  from  the  Tertiary  beds  of  Madura*. 

Bcihws  sulcrenatus,  unfortunately  only  represented  as  yet  in  the  Gaj  collection  by 
fragmentary  specimens,  is  in  like  manner  the  first  appearance  in  the  Sind  Tertiaries  of 
that  cosmopolitan  modem  genus,  and  bears  evidence  to  the  approach  of  the  present 
fauna. 

Of  Cidaris  we  have  been  enabled  to  describe  two  distinct  species  ;  but  the  presence 
of  other  members  of  the  family  is  proved  by  the  very  numerous  series  of  spines  obtained 
by  the  Survey.  Cidaris  opipara  presents  alliances  to  the  two  Cidarids  described  from 
Kattywar  and  has  a  distinctly  Tertiary  facies.  C.  excelsa  foreshadows  in  several 
respects  the  characters  of  the  recent  (ioniocidaris.  A  large  number  of  the  isolated 
spines  have  a  striking  Phyllacanthid  facies. 

The  two  species  of  Cceloplfurus  are  very  common  in  the  Gaj  deposits,  and  the 
condition  of  preservation  of  many  specimens  is  unusually  perfect.  There  has  therefore 
been  no  difficulty  in  comparing  these  forms  with  the  modern  Ccelopleurus  Maillardi  of 
the  Indian  seas.  The  principal  distinction  between  the  Miocene  and  the  Recent  species 
consists  in  the  greater  height  and  want  of  obliquity  of  the  interambulacral  plates  of  the 
modern  type.  We  have  shown  in  a  communication  to  the  Linnean  Society  f ,  that  the 
remarkable  arrangement  of  the  ambulacral  plates  noticed  in  the  fossil  forms  is  well 
seen  in  the  recent,  and  we  have  indicated  that  this  arrangement,  more  or  less  modified, 
is  a  character  of  the  Arbaciadre. 

The  alliance  of  the  modern  and  the  fossil  species  is  very  close,  and  doubtless,  did 
the  nature  of  the  fossilization  permit,  the  remarkable  dowelling  and  other  structures  of 
the  sutures  of  the  plates  of  the  modem  form  would  be  found  in  the  ancient. 

The  new  species  Ccelopleurus  Sindetub  has  a  granular  and  hardly  tubercular 
condition  of  the  ambulacra  above  the  ambitus.  In  all  of  these  Calopleuri  the  optic 
pore  is  double  and  opens  on  the  adoral  edge  of  the  radial  plate,  a  process  separating 
the  pores. 

It  is  perfectly  evident  that  d'Archiac  and  Haime  were  mistaken  regarding  the 
Nummulitic  derivation  of  Calopleurus  Forbesi. 

Finally  it  may  be  said  that  these  Miocene  species  are  about  as  closely  allied  to  the 
Oligocene  form  as  they  arc  to  the  recent. 

The  Temnopleuridae  are  well  represented  in  the  Miocene  of  Sind,  and  they  clearly 

•  Dcnkachr.  K.  Akad.  \Yi»»cn»eh.  Wicn,  Bd.  45  (1882),  p.  302. 
t  Journ.  Linn.  Soc.  Zoul  vol.  xix.  pp.  2.">-07. 
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characterize,  in  Sind  as  well  as  in  Kachh  and  Kattywar,  a  higher  geological  horizon 
than  that  given  to  them  bv  our  predecessors  in  the  study  of  the  fossils  of  Western 
India. 

We  have  given  our  reasons  for  not  associating  the  forms  which  were  described  by 
the  great  French  palaeontologists  as  members  of  the  genus  Temnopleurus  with  any 
other  group  than  that  of  the  genus  Tevmechinus,  Forbes.  The  common  fossil  Temne- 
chinus  Bousseaui  occurs,  and  we  find  also  our  Tetnnechinus  affinis  in  Sind  as  well  as  in 
Kattywar.  But  probably  the  most  interesting  forms  of  the  genus  found  in  Sind  are 
the  two  new  species  T.  stellulatus  and  T.  Gajensis,  for  their  alliance  with  T.  lineatus, 
Dune,  of  the  Australian  Tertiaries  Bnd  with  the  Australian  species  of  the  unfortunately 
named  genus  Paradoxechinus,  Laube,  is  evident. 

The  new  genus  Lepidopleurua  is  a  Temnopleurid  with  angular  and  adornlly  over- 
lapping coronal  plates.  We  take  this  opportunity  to  rem  irk  that  the  new  genus  has 
the  ambulacral  characters  of  the  Triplechinida'  as  is  usually  described  and  that  they  are 
totally  different  from  those  of  the  Arbaciadac. 

The  Clypeastridoe  are  largely  represented,  and  Ciypeasicr  is  a  distinctly  dominant 
form  in  the  Giij  series.  The  species  which  we  have  associated  with  the  C.  profundus 
of  d'Archiac  and  Haime  is  probably  the  most  numerously  represented  Urchin  in  the 
collection.  It  has  been  obtained  from  many  different  localities  and  presents  a  wide 
range  of  variability. 

C,  pulvinatux  in  its  general  habit  has  much  the  appearance  of  a  gigantic  C. 
ncutiformis,  the  present  inhabitant  of  tropical  seas.  G.  complanatus,  comes  nearer 
l>erhaps  to  C.  placunarius  (Lam.),  Agass.,  than  any  other  form,  but  is  well  distinguished. 
C.  pelciformi.t  is  remarkable  for  its  deep  basin-shaped  actinal  surface  and  widely  spaced 
scrobicules. 

The  genus  Echinolampas,  which  by  its  numerous  species  formed  such  an  important 
feature  in  the  fauna  of  the  underlying  Nari  and  Khirthar  series,  is  represented  in  the 
Gaj  series  only  by  E.  Jacquemonti  and  the  few  doubtful  small  examples  which  we  have 
referred  to  E.  spheroidal  is.  It  U  true  that  E.  Jacquemonti  occurs  in  large  numbers 
and  from  many  different  localities,  to  such  extent  as  to  constitute  a  characteristic  form 
of  the  series ;  still  when  compared  with  the  varied  species  in  the  lower  strata,  it  is 
undeniable  that  the  genus  was  already  on  the  wane.  E.  Jacquemonti  is  nearly  allied  to 
E.  indica  from  the  Miocene  of  Kachh  ;  and  its  affinities  are  also  close  to  the  species  at 
present  existing  in  the  Indian  Ocean. 

The  genus  Schizaster  is  represented  by  two  species : — S.  Granti,  which  is  a 
characteristic  form  in  the  Nari  deposits  and  in  Kattywar,  is  numerous ;  S.  sufflattu, 
an  allied  but  distinct  form,  is  only  represented  by  a  single  badly  preserved  example. 
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VI.  GENERAL  INDEX  OF  GENERA  AND  SPECIES. 


ArAXTIIKCHIKFH   34 

Aeanthwliinus  nodukaua   34 

JSovorxwn*    47 

.Colopneuatiw  ife  U.rioli   48 

AMBLirver*    138 

Aublypygua  Intua   148 

 patcUeformU   144 

 aulirolundtM    140 

 ,  var.  comeua   142 

—  tumidua   144 

Ai.-n  HMerLM  i;t.  -    42 

Aradiniapleunn  reticulata    42 

Hrktxia  228,  342 

Breynia  carinata   22W,  343 

Bhissopataiii;*    22(5 

BrUsopatugUH  Sindcnais   220 

Buiminu    901 

BriaaopeU  aufflatua   21'3 

Biua»ra    8M 
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 aubinvaginutua    182 

fllUM    7 
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 opipara   279 
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 ,  ap   25,  250,  283 
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C'lypeaater  complanatus   326 
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P.*. 
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 profundus    31H 
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 aimplt'x   257 
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Dictyoplcunta  d'Arehiaci    41 

 11  a)  tun    3S> 

 ric/ac   38 
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Echinantlma  enormia   H4 

 iutcrmcdiua    177 

 pumilua   13 

Ki  HiKocTAMra    132 

Echinocyamua  oummuliticua    132 
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rhvllacantlin.  lUoikMi   27 

 BUlmtl    27 

 ,  ip.   H 

1'tiTU.nri.Yrici'i    53 

PhvUuclvpeun,  sp   51 

l'l  KKKil.AMfl*   9 
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 oral*   66 

 plarout*   54 
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 Gajcnsig   3U5 

 Kuumeaui   , ,  lli2,  303 

 ttellutatiu   304 


rBiirrsii  »t  titu>k  a.m.  nunoi,  au>  nog  copkt,  nin  vrtturr. 


Digitized  by  Google 


PLATE  XLIV. 


Figure  1.  Cidahis  opifara,  Duncan  and  Sladcn  (pagr  279l .    Abartinal  new  of  tin-  test,  natural  1i7.1v 

2.  Profile  view  of  the  same  test,  natural  size. 

3.  Actinal  view  of  a  smaller  specimen,  natural  sine. 

1.  Anibulncral  plates  near  the  ambitus,  from  the  same  specimen  as  Fig.  1,  magnified. 

.V  Auibulucral  plates  on  the  abactinal  part  of  the  area,  from  the  Mine  specimen,  magnified. 

ti.  Intcrambulacral  plate,  from  the  same  specimen,  magnified. 

7.  Portiou  of  an  ambulacral  area,  to  show  the  flexure  ami  the  posture  of  the  plates,  from  the 

same  specimen  as  Fig.  3,  magnified.    (Inadvertently  placed  upside  down  by  the  artist.) 

8.  Portion  of  the  margin  of  the  peristome,  from  the  same  specimen,  magnified. 

9.  Cidaris  excels*,  Duncan  and  Sladen  (page  282).    liitcrambnh«cr»l  plate,  magnified. 

10.  Ambulacra]  plates,  magnified. 

11.  A  fragment  of  the  test,  natural  siao. 
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PLATK  XLV. 

Figure*  1-17  and  19-2H.  Dctaolieti  spine*  of  several  spceie*  of  ('m  int*  (page  283). 
]«.  Spine  of  an  unknown  speeics  (page  '-'«.">). 

Kaeh  spine  is  drawn  natural  nine  :  the  reverse  side  and  a  magnified  portion  being  also 

given  in  some  ease?. 
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PLAIT.  XI.VI. 


Figure    1.  ClKLOI'LEUKls  KoKBE.it,  d'Arclliae  (page  W7). 

2.  Another  specimen. 

X.  ('lELOPLKUHUS  SlSDEXSIS,  DuilCUU  illlil  Sltulell    page  ^(St. 

I.  C'usloplki'ru*  Fokbksi.    A  small  specimen  l  page  2!Ki). 
"j.  ("dJLfiri.Ki'Rrs  Sinukxsis.    A  more  tumid  form. 
(>.  The  apical  disk  of  a  small  specimen,  magnified. 

7.  CdLOPLIVBVI  FlHWNI.    An  ambulacrum,  aliactuiiil  part,  magnified,  showing  the  suture, 
fairly  well. 

H,  (laionr.llils  SiNUKNSls.  Part  of  an  iutci'iadmm  near  the  apical  system,  magnified. 
1>.  CotLof LKCRV4  Forbesi.    The  pcristomial  part  of  an  ambulacrum,  showing  the  "  Tags," 

magnified.    (The  artist  has  placed,  by  mistake,  two  {Hires  aetinally  to  one  of  the 

amhulacral  tubercles.) 
10.  CtEi-orLEl'KCs  Sixdbnsih.     Part  of  an  ambulacrum,  magnified, 
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PLATE  XLVII. 


Figure  I.  (  ikloplmiki  »  Sindkkmk,  L>uucan  mill  Sladen  (page  2U8|. 
•J.  An  apical  plate,  the  railial  HI.,  magnified. 

3.  Tbmn echini's  Rovxsk.vui,  d'Arehiae  (page  303).    The  test,  natural  siiee. 

1.  The  interradiuin  and  ambulacrum  near  the  peristome,  uiaguitied,  ilmwiug  the  structure 

of  the  utubulaerul  platen. 
5.  l.rriDopi.r.mi's  HK.Misrn.mii  is,  Duncan  and  Sladen  (page  .'MXij. 
H.  The  apical  system  and  part  of  the  test,  magnified. 
7.  Part  of  the  teat  near  the  ambitus,  magnified. 
X.  Tkmnkchinu*  stkm.ulati;s,  Duncan  and  Sladen  [page  304). 
9,  I'art  of  the  side  of  the  test,  magnified. 

10.  Tbunk<  hinus  (JjijiiNsia,  Duncan  and  Sladen  page  SOS).    A  tot. 

1 1 .  Part  of  the  test,  magnified. 

I»*.  Temnkciiinus  Hoissk  a  ii,  d'Arehiac.    A  plate  and  part  of  an  ambulacrum,  magnified. 
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PLATE  XLVIIJ. 


Figure  1.  HirrovoK  raoAru,  Duncan  and  Sladen  (page  310).    Profile  view  of  the  teat,  natural 

sue. 

2.  Actinal  view  of  the  name,  natural  sire. 

3.  Interradial  plates,  to  show  ornamentation,  magnified. 

4.  Part  of  the  ambulacral  area,  to  show  thr  composition  of  the  plates,  magnified. 

4  a.  Diagrammatic  sketch  of  ambulacral  plates,  to  show  the  disposition  of  the  ornamen- 


tation, magnified. 
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PLATE  XLIX. 


Figure  1.  Hiproxoi  feoavia,  Duncan  nnd  Sladen  (page  310).    Fragment  of  a  «mall  test,  probably 
belonging  to  this  species,  natural  site. 

2.  Hiffonok  antiova,  Duncan  and  Sladcn  (page  313).    Abactinal  view  of  the  teat,  natural 

si»e. 

3.  Actinal  view  of  a  smaller  specimen,  natural  siae. 

4.  Profile  view  of  tie  same  fragment,  natural  siie. 

5.  EcHiNttB  svBcar.SATUi,  Duncan  and  Sladcn  (page  317).    Abactinal  view  of  the  teat, 

6.  Ambnlacral  and  intcrambulacral  plates,  a  little  above  the  ambitus,  magnified. 

7.  Schiiasteb  sofFLATUg,  Duncan  and  Sladcn  (page  339).    Abactinal  view  of  the  test, 

natural  size. 

8.  Longitudinal  profile  of  the  test,  natural  site. 

9.  Ambulacra!  plates  in  the  odd  anterior  ambulacrum,  magnified. 


FloU  MIX 


FvssiJ  EeJunficUw  from  ffaudl-. 

(0>v  -.IA*<*im- J 


by  Google 


PLATE  L. 


Figure   1.  Clypeaster  PROPC.vnrs  fd'Archiae),  Duncan  and  Sladen  (page  319).    Ahactinal  view  of 
the  test,  natural  size. 

2.  Longitudinal  profile  of  the  same,  natural  size. 

3.  An  ambulacra!  petal,  magnified. 

\.  Ornamentation  of  the  intcrradial  plates  on  the  ahactinal  surface,  magnified. 
5.  Clypeaster  PULviNATtrs,  Duncan  and  Sladen  (page  322).    Ahactinal  view  <if  the  teat, 
natnral  size. 

(>.  Longitudinal  profile  of  the  same,  natural  size. 

7.  Clypeaster  pelvipormik,  Duncan  and  Sladen  (page  324).    Ahactinal  view  of  a  email 

teat,  natural  size. 

8.  Longitudinal  profile  of  the  same,  natural  size. 

9.  Actinal  view  of  a  larger  test,  natural  sine. 

10.  Ci.yfeastkr  complanaths,  Duncan  and  Sladen  (page  325;..    Ahactinal  view  or  the  test. 

natural  size. 

11.  Actinal  view  of  the  same,  natural  size. 
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PLATE  LI. 


Figure  I.  EcHiMoniscc*  Desobi,  Duncan  and  Sladen  (page  328).    Actinal  view,  natural  siac. 

2.  An  outline  of  a  test  of  the  same  species. 

3.  A  variety  of  the  species,  abactinal  view. 

4.  Abactinal  view  of  another  variety  (page  328). 

5.  Abactinal  view  of  the  same  variety. 

G.  A  magnified  view  of  the  lunulc  from  below. 

7.  Kciijnodiscus  flackkta,  Duncan  and  Sladen  (page  329).    Portion  of  au  inter- 

r.tdium  and  ambulacra,  slightly  magnified. 

8.  EcHiNonisci'»  Desoki.    Broken  teat,  showing  the  crushed  jaws  from  above,  and 

some  of  the  supporting  structures  between  the  upper  and  lower  parts  of  the  test. 

9.  Part  of  the  same,  magnified. 

10.  Kchinodiscvs  elonuatub,  Duncan  and  Sladen  (page  331).    The  test  in  outline. 


11.  Kciiinooiscps  ellipticcr,  Dnncan  and  Sladen  (page  330).    The  test,  natural  six*. 

12.  KctiiNonisci'g  Dbsoki,  var.    Side  view  of  a  portion  of  a  test,  showing  the  plates  and 

pillars  in  section. 


natural  size. 
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PLATE  MI. 


Fijfurr  I.  KcmxoDwrr*  piicest*,  Duncan  and  SlmUti  fpagc  .129).    AWtinal  view,  natural 
MM. 

'2.  The  apical  di«k,  magnified. 

:t.  Part  of  an  ambulacrum,  magnified. 

t.  V.t  niNoniMUs,  sp.  (page  331).    Part  of  the  test,  ahactinal  view,  natural  si*c. 
."».  Actinal  view  of  the  same  specimen. 

(J.  Part  of  the  same  magnified,  showing  the  ambulacra  near  tlie  peristome. 

7.  Surface  of  a  test,  showing  the  tops  of  the  supporting  stric  tures, 

S.  KcmxotHscim  h-acenta,  Duncan  and  Sladeii.    A  portion  of  an  ambulacrum  and 


lunulc,  slightly  magnified. 
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PLAT K  LI II. 


Figure  1.  Kciiinoi.amfa*  JACQnF.Mo\Ti,  d'Arrhiac  and  Ilaime  (page  337).    Ahartinal  virw  of 
a  regularly  ronvrx,  subdcprcsscu1  form,  natural  size. 
2.  longitudinal  profile  of  the  same,  natural  site. 

.1.  Ahartinal  new  of  a  high,  subcorneal,  and  rather  elongate  form,  natural  site. 

4.  Longitudinal  profile  of  the  name,  natural  ftiie. 

5.  Actiual  view  of  the  name,  natural  size. 

ti.  Ahaetinal  view  of  a  broad -petallcd  variety,  natural  size. 
7.  The  peristome  and  surrounding  parts  of  the  teat,  magnified. 
H.  Ahartinal  view  of  a  small  subrotund  test,  natural  size. 
9.  Longitudinal  profile  of  the  name,  natural  site. 

10.  Actinal  view  of  the  same,  natural  size. 

11.  The  peristome  and  surrounding  parts,  from  the  name  specimen,  magnified. 

12.  Portion  of  au  ambulaeral  petal,  to  show  the  ornamentation,  magnified. 

13.  Artinal  view  of  a  small  tumid  test,  natural  size. 
1 1,  Longitudinal  profile  of  the  same,  natural  siae. 

15.  Fchinoiampas  sphf.roidai.is?,  d'Arehiac  (page  338).    Actinal  view  of  the  test  of 

the  largest  specimen,  natural  size. 

16.  Ahartinal  view  of  another  specimen,  much  crushed  and  weathered,  natural  aiie. 

17.  Longitudinal  profile  of  the  same  specimen  as  Pig.  15,  natural  size. 
IS.  Actinal  view  of  a  small  specimen,  natural  size. 

1'.).  Longitudinal  profile  of  the  same,  natural  size. 


Erratum  in  the  lettering  of  the  Plate :— For  Fig.  «  12  "  (adjacent  to  Fig.  19)  read  *'  18." 
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Figures  1-9.  Bblyma  iakinata,  d'Arcliiac  uud  Huiiul-  (page  :5t.T  .    Altuctniul  views  of  various 

PSf,  5  it  the  normal  form. 


Digitized  by  Google 


Wat*  IJV. 


Digitized  by  Google 


PLATE  LV. 


Figure  1.  Brbynia  carinas,  d'Archiac  and  Haiuie  (page  MS).    Actinal  view. 

2.  The  test,  side  view. 

3.  The  posterior  view,  with  the  subanal  fasciole. 

4.  The  apical  system,  the  internal  faseiole,  and  the  ainbulaera  within  the  fascial?,  magnified. 

5.  The  peristomial  area,  showing  the  flosccllc,  the  interradia  coming  to  the  oral  margin, 

the  wide  posterior  ambulacra,  and  the  long  and  narrow  plate  of  the  posterior  inter- 
radium,  magnified. 

6.  A  tubercle  of  the  actinal  surface,  magnified. 

7.  A  tubercle  of  the  same  region,  showing  the  hypertrophy  of  the  crcnulation  on  one  side, 

magnified. 

8.  A  tubercle  iu  iU  sunken  acrobicule,  from  the  abactiual  surface,  magnified 

9.  Mrissus,  sp.  (page  354).    Actinal  surface,  natural  size. 
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PREFACE. 


Tm  Kchinoidea  hitherto  described  by  us  Iwlonn  to  well-defined  horizons  of  the  Tertiary  deposits. 
We  hare  described  the  species  of  Kchinoidea  from  the  beds  with  Carilila  Ikaumonti,  which  belong 
to  the  lowest  Kocenc,  aud  also  from  an  important  series,  the  Ranikot,  which  is  below  the  true 
Nummulitic  limestone.  The  Nummulitic  limestone  yielded  the  fauna  of  Kchinoidea  which  has  been 
studied  as  belonging  to  the  Khirthar  deposits,  and  we  have  considered  the  Oligocene  Kchinoidea 
or  those  belonging  to  the  Nari  strata.  The  Miocene  Echinoidca  of  the  <iaj  series  have  been 
studied.  The  Kchinoidea  of  Kachh  and  Kattywar  have  also  bcun  described  in  succession.  But  in 
Sind  and  in  the  two  proviuces  just  mentioned  there  arc  no  marine  Pliocene  deposits.  There  arc. 
however,  Pliocene  murine  deposits  on  the  coast  of  Itilueln'stan  and  on  islands  in  the  Persian  (Julf, 
and  the  specimens  of  Kchinoidea  collected  there  were  kindly  submitted  to  us  for  examination 
by  H.  H.  Mcdlieott,  K.R.S.,  the  Su|>crintciidcnt  of  the  Geological  Survey  of  India.  The 
collection  was  made  by  W,  T.  Ulanford,  F.R.S.  They  arc  described  in  this  supplementary 
Part,  and  thus  we  present  descriptions  of  the  Kchinoidea  of  a  vast  unbroken  succession  of 
Tertiary  strata. 

It  will  be  noticed  in  the  preceding  Part,  which  referred  to  the  Gaj  series,  that  we  add 
the  species  of  the  Pliocene  deposits  to  the  others  in  the  Tables,  and  that  there  is  the  same 
market)  difference  between  the  Pliocene  fauna  and  the  Miocene  as  there  is  between  the  other 
consecutive  deposits.  This  Part  closes  our  work  on  the  Kchinoidea  of  the  Tertiaries  of 
Western  India. 


Lamm,  Dsosmbei  UK 


A  DESCRIPTION 

OF  THE 

FOSSIL  ECHINOIDE A 

OF  T1IK 

COAST   OF  BILUCHISTAN 

AXD  OF 

SOME   ISLANDS   IN   THE   PERSIAN  GULP. 


THE  MAKRAN  SERIES  (PLIOCENE). 
Pu»tw  LVI.-LVIII. 

I.  Introductory  Remarks. 

We  owe  the  description  of  the  geology  of  the  coast  of  Biluchfstan,  or,  as  it  is  more 
commonly  called,  the  Makran  coast,  and  the  collection  of  fossils,  to  Mr.  W.  T.  B lan ford, 
F.R.S.,  who,  whilst  Deputy  Superintendent  of  the  Geological  Survey  of  India,  surveyed 
the  littoral  tractB  of  Biluclristan  and  the  coast  of  Persia  *.  He  stated  f  that  "  the 
prevailing  rock  along  the  Makran  coast  is  a  pale  grey  clay  more  or  less  indurated, 
occasionally  intersected  by  veins  of  gypsum,  usually  sandy  and  often  calcareous, 
occurring  in  beds  of  great  thickness.  "With  this  clay  arc  interstratified  bands  of  shelly 
limestone,  calcareous  grit,  and  sandstone,  but  these  usually  form  but  a  small  portion  of 
the  mass,  although  their  greater  hardness  makes  them  conspicuous  at  the  surface. 

"  In  all  sea-cliffs  and  inland  scarps  the  clay  is  well  exposed :  thus  the  magnificent 
cliff,  nearly  ^000  feet  high,  at  Ras  Malan  is  almost  entirely  composed  of  it.    From  its 
•  Record*  of  the  CM.  Survey  o(  India,  vol.  v.  1872,  pt.  2,  p.  41.  t  Togo  43. 
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softness  it  disintegrates  rapidly  and  the  usual  features  of  the  scenery  are  peculiar  and 
characteristic."  Sometimes  the  clayey  and  calcareous  strata  are  more  or  less  horizontal 
and  at  others  they  dip  at  considerable  angles,  and  as  the  clay  wears  more  rapidly  than 
the  other  constituents  of  the  mass,  the  position  of  the  strata  determines  flat-topped 
hills  and  a  very  serrated  appearance  in  the  inclined  beds.  The  Makran  beds  are 
evidently  of  marine  origin.  They  are  usually  highly  fossiliferous,  the  most  abundant 
fossils  being  species  of  Ostrea,  Pecten,  and  Balanus.  Area,  Cardium,  Lucina,  and 
species  of  the  family  of  Veneridte  abound,  but  very  often  only  occur  as  casts.  Gas- 
teropoda, though  far  from  scarce,  are  less  common — forms  of  Cerithium,  TurriUlla,  and 
Natica  being  perhaps  the  most  prevalent.  Operculina  is  noticed  as  the  common  genus 
of  Foraminifera.  Blanford  noticed  that  the  fauna  differed  from  that  of  the  Nummu- 
litic  rocks  and  that  several  of  the  fossils  appeared  to  be  identical  with  forms  now  living 
in  the  neighbouring  seas.  Subsequently,  in  the  •  Manual  of  the  Geology  of  India,' 
p.  470,  he  showed  that  the  Makran  group  was  probably  a  marine  representative  of  the 
Siwalik  or  Manchhar  beds  of  Siud  and  northern  India.  Some  of  the  Makran  beds 
were  upheaved  at  least  2000  feet  after  the  close  of  their  deposition,  and  the  upheaval 
progressed  during  the  formation  of  the  Littoral  concrete. 

The  other  localities  where  this  formation  is  seen  and  where  Echinoidea  have  been 
found  are  Hcnjam  Island  and  Kharak  Island,  iu  the  Persian  Gulf.  Although  there 
can  be  little  doubt  that  the  rocks  at  both  these  localities  belong  to  the  same  series  as 
those  of  the  Makran  coast,  the  precise  horizon  may  be  slightly  different,  perhaps  rather 
higher. 

So  far  as  the  Echinodcrmata  are  concerned,  no  older  Tertiary  species  arc  found  in 
the  Makran  beds,  and  the  Gaj  fauna  of  Sind  and  of  Kachh  and  Kattywar  has  but 
one  doubtful  representative  in  them  •.  The  facies  is  more  recent  than  Miocene,  most 
of  the  species  being  closely  allied  to  recent  forms,  and  the  genera  are  all  represented 
in  the  Asiatic  and  Australian  seas. 

The  deposit  in  which  the  Echinoidea  were  collected  was  a  shallow-water  one,  and 
most  of  the  specimens  arc  broken,  and  many  are  imbedded  in  a  sandy  matrix  full  of 
comminuted  shallow-water  shells. 

The  forms  of  Echinoidea  which  were  collected  and  sent  to  us  by  the  Geological 
Survey  of  India  are  all  geuerically,  but  not  always  specifically,  determinable,  and  we 
have  carefully  avoided  giving  a  specific  name  to  imperfect  specimens. 

II.  List  of  the  Fossil  Echinoidea  of  the  Makrdu  Series. 

Order  ECHINOIDEA  EHD0CYCLICA. 

Family  CID.UilDJi. 

Genus  ClUAJUt,  Klein,  1734. 
Cidarin,  sp.  (Gomocidaris  ?)  :  p.  372. 
 ,  »p.:  p.  373. 

•  On.  of  the  Cidftrid»  i>  powiUy  common  to  tho  depouU. 
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family  TEMSOPLEURIDJE. 
Gtnut  S.u.MACia,  Ayattiz,  1841. 
,  »p. :  p.  371. 

simplex,  Duncan  d-  Sladtn  :  p.  375. 


Order  ECHIXOIDEA  BXOCTCLICA. 

Subonler  ONATHOSTOMATA. 

Family  CL  YPF.A  S  TH I  DM. 
Subfamily  Kititha  s  i  1. 1  n  .» . 
Gtnut  ClttIa«tbb,  Lamarck,  1801- 
Clypewter  iuffarcinatua,  Duncan  d-  Sladtn  :  p.  376. 

Subfamily  Li (11* I XX. 
Genut  Laoaxim,  Kl,in,  1734. 
Laganntn  tumidum,  Duncan  d-  Sladtn :  p.  376. 

Family  SCUTELLIDJS. 
Genut  EcuoiODiacPS,  Brtyn.,  emend. 
Ecliinodiacus  aurituf,  Ittkt,  a  variety :  p.  381. 

Suboclcr  ATELOSTOMATA. 
Family  SPATASGIDjS. 
Subfamily  Spataxoixj. 
Gtnut  8ciit*a8TEB,  Ayauix,  1836. 
SchUMt«r,  «p. :  p.  381. 

C7<mu  Bretxia,  Door,  1847. 
Breyni*,  §p.?,  young:  p.  381. 

List  of  the  determined  Species. 

1.  Temnopleurus  (implex,  Duncan  <\  Sladtn  :  p.  375. 

2.  Clypwwter  suffarcinatus,  Duncan  d-  Sladtn  :  p.  376. 

3.  Laganuin  tumidum,  Duncan  d-  Sladtn  :  p.  378. 

4.  EehinodUcua  auritua,  Lttle,  Tar.:  p.  381. 


List  of  Forms  not 


L  Cidaria,.p.(Ooniocidari.?):  p.  372. 

2.   ,  ap. :  p.  373. 

3.  Saltnacis,  *p. :  p.  374. 

4.  Schizaster,  sp. :  p.  881. 

5.  Breytiia?  «p.:  p.  381. 
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III.  Description  of  the  Species  of  Echinoidea. 


Onto-  ECHINOIDEA  ENDOCYCLICA. 


Family  CIDARID&. 


Genus  CIDARIS,  Klein,  1734. 


1.  Cidakis,  sp.  (Goxiocidabis  1).    Plate  LVI,  Figs.  1  &  2. 

Several  well-preserved  fragments  of  a  species  of  Cidaris  are  in  the  collection  from 
the  Makran  beds ;  but  there  is  not  sufficient  material  to  give  a  specific  character,  and 
indeed  the  generic  position  is  doubtful. 

Test  tall ;  ambulacra  wide  and  very  slightly  flexuous,  with  ten  pairs  of  pores  in 
relation  to  a  coronal  plate  at  the  ambitus. 

Interporiferous  part  of  the  ambulacral  plates  as  wide  as  the  poriferous  zone,  but 
it  is  low  and  ornamented  with  a  small  secondary  tubercle  close  to  the  poriferous  zone 
and  with  three  small  granules,  two  of  which  arc  usually  in  a  line  and  nearer  the  adoral 
margin  of  the  plate  than  the  aboral.  Sometimes  there  is  a  small  tubercle  placed 
aborally  to  the  second  tubercle.  The  small  secondary  is  in  continuation  with  the  ridge 
which  separates  the  pairs  of  pores.  The  adoral  pore  is  usually  the  larger  of  the  two, 
and  there  is  a  distinct  and  broad  partition,  convex  from  above  downwards,  between  the 
pores  of  a  pair. 

The  interradial  plates  are  broader  than  high,  the  height  diminishing  towards 
the  peristome,  and  the  elliptical  shape  of  the  scrobicules  increases  from  the  ambitus  in 
both  directions.  The  slope  of  the  coronal  plates  to  the  median  suture  of  the  inter- 
radium  is  decided,  and  there  is  some  sinking  at  the  suture.  Sometimes  there  is  n 
distinct  suturul  groove  between  the  successive  coronal  plates.  The  scrobicular  margins 
are  perfect,  and  are  surrounded  by  a  row  of  small  secondaries  with  rounded  mamelons, 
and  usually  they  are  small  actinally  and  abactinally  to  the  scrobicule  and  separated  all 
round  the  circle  by  large  granules.  The  boss  is  low  and  has  a  wide  grooved  collar ;  the 
mamelon  is  hemispherical  and  has  a  wide  neck.  There  is  perforation  but  not  crcnulation. 
There  is  some  sinking  of  the  plates  within  the  raised  scrobicular  margin.  Between  the 
scrobicular  circle  and  the  poriferous  zone,  there  is  a  small  row  of  secondaries  close  to 
the  larger  series  and  also  some  granules,  and  on  the  other  side  at  least  three  rows  of 
granules  are  developed  between  the  circle  and  the  sunken  median  suture,  and  on  a 
rather  tumid  and  sloping  part  of  the  plates. 

Locality.  Ilenjam  Island,  Persian  Gulf.    Makran  deposits.   Survey-number  G  aj| *. 


Illustrations  of  the  Specimen  in  Plate  LVL 
Fig.  1.  A  part  of  a  test :  natural  size. 
2.  Ambulacral  plates :  magnified. 
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This  is  the  form  of  Cidaris  which  approaches  Goniocidaris,  and  was  noticed  in 
the  Description  of  the  Fossil  Echinoidca  of  Kachh  and  Katty  war,  one  of  which  appears 
to  be  a  true  Goniocidaris  ("Tert.  Foss.  Echin.  Kachh  and  Kattywar,"  Pal.  Ind. 
Ser.  XIV.  18S3,  p.  52). 

The  broad  median  area,  moderately  crowded  with  very  small  tubercles  and 
grannies,  is  very  distinctive ;  but  there  is  much  variation  in  regard  to  the  amount  of 
sinking  and  doubtful  pitting  at  the  angles  of  the  median  suture.  In  a  fragment  of  a 
large  individual  there  is  barely  any  sinking  whatever,  ami  nothing  to  raise  doubts 
about  the  form  being  a  Cidaris,  except  the  broad  interporiferous  zone.  On  the  other 
hand  a  slightly  smaller  form,  which  approaches  the  type  very  closely,  has  great 
affinities  with  Goniocidaris. 

The  numerous  spines  which  come  from  the  same  locality  as  these  fragments  are 
all  more  like  those  of  recent  species  of  Goniocidaris  than  of  Cidaris. 

2.  Cidaris,  sp.    Plate  LVI,  Fig.  3. 

There  is  a  well-preserved  fragment  of  a  small  Cidaris,  which  although  having 
affinities  with  the  species  just  described,  is  to  be  distinguished  by  the  absence  of  the 
well-developed  slope  of  the  coronal  plates,  from  the  ring  of  small  tubercles  around  the 
scrobicular  margin  to  the  median  line.  In  the  species  noticed  above  this  surface  is 
covered  with  at  least  three  rows  of  differently  developed  granules ;  but  in  the  present 
instance  the  rows  are  wanting,  and  the  tubercles  around  the  elliptical  scrobicular  circle 
have  a  row  of  large  granules  on  a  narrow  surface  between  them  and  the  well-indented 
vertical  sutures.  Moreover,  the  line  of  secondary  tubercles  between  the  successive 
vertical  tubercles  is  sometimes  absent  and  the  scrobiculcs  arc  continuous,  or  there  is 
but  one,  and  not  a  very  well-developed,  row  of  secondaries  in  that  position. 

The  Interporiferous  part  of  an  ambulacral  plate  is  narrower  than  the  poriferous 
portion,  and  carries  a  small  tubercle  close  to  the  adoral  pore ;  beyond  is  a  smaller  one, 
and  near  the  ambitus  there  may  be  one  or  two  granules  between  the  last-mentioned 
tubercle  and  the  median  line. 

Locality.  Henjam  Island,  Persian  Gulf.  Makran  deposits.  Survey-number 
G  *fa- 

Illustration  of  the  Specimen  in  Plate  LVI. 
Fig.  3.  Coronal  plates :  magnified. 

Spine.?  of  CidabidjE.    Plate  LVH. 

Spines  of  species  of  more  than  one  genus  of  the  family  Cidarida?  are  common  in 
the  white  calcareous  deposit,  and  they  are  not  found  in  quite  a  perfect  condition,  for 
the  tops  of  the  spiuules  on  them  are  broken  off.  Most  of  the  spines  are  short,  large, 
and  more  or  less  compressed,  and  they  may  be  grouped  into  three  sets. 

1.  Spines  not  very  tall,  cylindrical,  irregularly  and  strongly  spinulose,  expanding 
slightly  at  the  summit,  where  there  is  a  shallow  hollow  surrounded  with  spinules. 
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One  side  of  the  spine  is  granulated  and  free  from  spinules,  and  the  other  has  them  and 
also  faint  granulation.    Figs.  1,  2,  &  14. 

2.  Tall  compressed  spines  more  or  less  wedge-shaped,  with  a  considerable 
expansion  at  the  summit  where  the  hollowing  is  considerable,  and  the  crown  of 
spinules  is  large.  Granules  only  on  one  side  of  the  spine,  and  spinules  on  the  other. 
Figs.  3  to  9  and  12  &  13. 

3.  Short  narrow-based  spines  which  expand  suddenly,  and  have  a  wide  and  deep 
hollow  at  the  summit  surrounded  by  long  spinules.  Granulation  distinct  on  one  side 
of  the  spine.    Figs.  10  &  11. 

In  all  these  forms  the  articular  facette  is  smooth  and  small  for  the  size  of  the 
spines  ;  there  is  a  slight  ring  to  the  cylindrical  bouton,  which  is  usually  crenulated  on 
one  side.    The  collerctte  is  smooth  and  pronounced. 

Late  researches  by  A.  Agassiz  have  shown  that  there  is  a  much  greater  diversity 
of  spines  in  the  same  species  than  was  formerly  acknowledged,  and  it  is  therefore  not 
safe  to  name  forms  from  the  characters  of  their  spines  only.  Nevertheless,  the 
resemblance  of  the  spines  figured  by  us  to  some  of  those  already  noticed  in  describing 
the  Fossil  Echinoidea  of  Kachh  and  Kattywar  is  unquestionable ;  and  they  are  found 
in  deposits  with  a  Goniocidaris  *.  The  similarity  of  some  of  the  spines  to  those  of 
Goniocidaris  drawn  by  A.  Agassiz  in  the  "Challenger  Echinoidea"  is  very  close  f. 

Locality.  Henjam  Island,   Persian   Gulf.     Makran    deposits.  Survey-number 

G 

Family  TEMXOI'LE URILM. 
Genus  SAEMACIS,  Agassiz,  1841. 
1.  Salmacis,  sp.    Plate  EVI,  Fig.  4. 

Fragments  of  a  test  of  an  undescribed  species  of  Satmacis  occur,  which  is 
characterized  by  the  presence  of  three  vertical  rows  of  tubercles  on  each  part  of  the 
interradia  on  either  side  of  the  median  line,  at  and  below  the  ambitus.  There  are 
small  secondaries  on  the  coronal  plate  close  to  the  poriferous  zones.  There  are  two 
rows  of  large  tubercles  within  the  ambulacra ;  they  are  separated  by  low  granules,  and 
there  is  a  small  secondary  on  the  angle  of  each  plate  near  the  median  line.  The  cuts 
are  small. 

The  form  is  more  closely  allied  to  Salman's  Uimumieri,  Agass.,  than  to  Salmacis 
licolor,  Agass. 

Locality.  Makran  coast  deposits.  Survey-number! 

Illustration  of  the  Specimen  in  Plate  LVL 
Fig.  4.  Part  of  the  test :  magnified. 

•  Pal.  Ind.  St.  XIV.  JSS3,  p\  viii,  fip.  9-U. 

t  '  Report  on  the  Kchinuid.*  of  the  Challenger  Expedition/  plate  i. 
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Genua  TEMNOPLEURUS,  Agassiz,  1841. 

The  distinctions  between  this  genus  and  Temnechinus,  Forbes,  have  been  considered 
on  a  former  page  in  criticizing  the  zoological  position  of  the  forms  which  were  included 
in  Temnopleurws  by  d'Archiac  and  Ilaime  (Fart  ii,  page  36).  There  is  no  doubt  that 
a  fossil  TemnopUurus  occurs  in  the  Indian  Tertiaries,  for  there  are  numerous  parts  of 
tests  of  a  species  of  the  genus  in  the  Makran  deposit*.  Unfortunately  the  apica] 
system  is  wanting  in  all ;  but  the  peristome  and  the  ornamentation,  which  give  good 
specific  distinctions,  are  present.    The  species  is  not  without  its  affinities  with  Salmacis. 

L  Temnoplburus  simplex,  Duncan  &■  Sladen.    Plate  LVI,  Figs.  5-7. 

The  test  is  broader  than  high,  broadest  at  the  ambitus,  which  is  situated  close  to 
the  resting  base,  depressed  and  conical  abactinally,  tumid  at  the  margin.  Actinally 
rather  tumid,  and  sloping  upwards  around  the  very  small  and  slightly  cut  peristome. 
Ambulacra  narrow.  The  pairs  of  pores  are  in  simple  series,  there  are  three  pairs  to 
each  plate,  and  they  arc  separated  by  well-developed  convex-topped  costs  which 
terminate  either  in  small  tubercles  or  in  granules.  The  pores  arc  on  the  actinal 
surface  of  the  costal  ridges.  The  arrangement  of  the  three  pairs  of  pores  to  each 
plate  is  slightly  pronounced,  and  there  is  barely  a  trace  of  a  curving.  The  ambulacral 
plates  arc  broader  than  high,  and  each  has  a  primary  tubercle  which  is  crenulate  and 
imperforate,  and  is  surrounded  by  a  circle  of  granules,  there  being  also  a  small 
secondary  at  the  aboral  angle  near  the  pores.  The  pits  at  the  angles  of  the  plates  are 
small  and  the  furrows  over  the  transverse  sutures  are  small,  or  they  may  be  absent  in 
young  forms. 

The  interradial  plates  have  only  one  tubercle  on  each,  but  there  is  sometimes  a 
secondary  at  the  inner  angle  as  well  as  at  the  poriferous  side,  and  a  ring  of  granules 
surrounds  the  primary  and  separates  it  from  the  secondaries.  The  shape  and  size  of 
the  interradial  and  ambulacral  tubercles  is  much  the  same. 

There  arc  numerous  small  granules  and  very  small  secondaries  at  the  median  line, 
and  the  surface  is  depressed  there  near  the  apex.  Median  furrow  distinct,  but  the 
pits  and  furrows  in  relation  to  the  transverse  sutures  are  slight.  With  growth,  the 
larger  specimens  have  a  barer  median  area  and  more  distinct  pits. 

Dimensions.  Breadth  25,  19,  and  18  niillim. ;  13  and  10  millim.  high.  Peristome 
only  5  6  millim.  broad. 

Locality.  Has  Malan,  Makran  coast.    Survey-number  G 

Illustrations  of  the  Species  in  Plate  LVI. 

Fig.  5.  The  test :  natural  size. 

C.  Part  of  the  test  near  the  peristome  :  magnified. 
7.  Ambulacral  plate :  magnified. 
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Order  ECHINOIDEA  EXOCYCLICA. 

Suborder  GNATHOSTOMATA. 
Family  CLYPEASTUILJE. 

Snhfamihj  ECCLTPEASTRIX&. 

Genus  CLYFEASTER,  Lamarck,  1801. 


t.  Clypbaster  sufpabcinatus,  Duncan  &  Sladen.    Plate  LVIII,  Figs.  1-6. 

Marginal  contour  subpentagonal,  with  the  angles  full  and  well  rounded,  their 
prominence  being  emphasized  by  a  well-defined  reentering  curvature  in  the  paired 
interradia,  the  lateral  being  the  deepest ;  the  odd  posterior  interradium  is  usually 
truncate,  though  in  some  examples  slightly  reentering.  The  contour  is  thus  remark- 
ably undulating,  and  is  subject  to  considerable  variation.  The  length  is  greater  than 
the  breadth  in  the  proportion  of  1  :  0*872 ;  and  the  greatest  breadth  is  opposite  the 
extremity  of  the  antero-lateral  petals ;  the  breadth  across  the  test  opposite  the 
extremity  of  the  postero-latcral  petals  is  distinctly  smaller,  and  the  intervening  area  of 
the  margin  is  deeply  incurved.  The  margin  is  thin  and  rounded,  thicker  anteriorly  than 
elsewhere,  but  shows  scarcely  any  undulation,  in  consequence  of  the  generally  level 
character  of  the  abactinal  surface  between  the  margin  and  the  area  of  the  petals.  The 
nbactinal  surface  passes  from  the  margin  with  a  gentle  slope,  having  a  very  small  angle 
of  declivity  uutil  it  reaches  the  area  of  the  petals,  where  it  rises  rather  abruptly  at  a 
steeper  angle  to  form  a  convex  dome,  which  comprises  the  whole  region  of  the  petals. 
Seen  in  longitudinal  profile  the  posterior  declivity  of  the  dome  is  more  rapid  than  the 
anterior,  and  whilst  a  portion  of  the  test  from  the  dome  to  the  margin  forms  a  gentle 
slope  posteriorly,  it  is  nearly  level  and  subtumid  anteriorly.  The  summit  of  the  dome 
appears  iu  this  view  slightly  truncate,  and  this  truncate  area  slopes  slightly  to  the  front, 
the  greatest  height  of  the  test  being  excentral  and  situated  at  a  little  distance  behind 
the  apical  disk. 

The  apical  disk  is  subcentral.  The  ambulacrnl  petaU  arc  moderately  long,  wide, 
petaloid,  elliptic-ally  ovate  in  outline,  completely  closed  at  the  outer  extremity,  and 
more  or  less  tumid,  sometimes  promiuently  so.  The  odd  anterior  and  the  postero- 
lateral ambulacra  are  of  equal  length,  and  longer  than  the  antero-lateral  pair.  All  are 
subequal  in  width.  The  greatest  width  of  the  paired  petals  lies  a  little  further 
outward  than  midway  between  the  extremities  of  the  petal,  and  is  very  nearly  half  the 
length,  the  actual  dimensions  of  the  postero-lateral  petal  in  the  specimen  under  de- 
scription being  "0  millim.  long,  and  its  greatest  breadth  14  5  millim.  The  poriferous 
zones  are  wide,  increasing  gradually  from  the  apex  up  to  the  commencement  of  the 
outer  third,  where  the  maximum  breadth  is  reached ;  they  then  decrease  slowly  and 
gradually  to  the  extremity,  where  they  arc  still  wide  ;  the  two  zones  of  a  petal  trending 
towards  one  another  with  a  well-roundid  curvature,  until  they  meet  and  completely 
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close  the  outer  extremity  of  the  petal,  the  outer  scries  of  pores  marking  a  well-defined, 
rounded,  but  slightly  elliptical,  outline  at  the  end  of  the  petal.  The  inner  pores  are 
round,  and  the  outer  pores  are  often  very  slightly  oral  or  subpyriform  ;  they  are  united 
by  a  distinct,  but  very  shallow,  conjugating  furrow,  and  the  broad  intermediate  costa;  are 
ornamented  with  a  row  of  3-5  small  scrobiculated  tubercles  rather  widely  spaced,  and 
with  small  intervening  granules  in  serial  line.  The  broadest  part  of  the  poriferous 
zone  is  3-5  millim.,  and  is  very  little  wider  than  one  third  the  interporiferous  area  at 
that  place  The  widest  part  of  the  interporiferous  area  is  at  the  same  place,  and 
measures  I)  millim.  in  the  postero-lateral  petals,  and  a  trifle  less  in  the  anterior  pair. 
The  odd  anterior  petal  has  a  rather  fuller  and  more  rounded  appearance  at  the 
extremity  than  the  others,  in  consequence  of  maintaining  its  greatest  breadth  undi- 
minished rather  further  outwards  than  is  the  case  in  the  paired  petals.  The  distance 
of  the  antero-lateral  petals  from  the  margin  is  rather  more  than  half  their  length,  and 
that  of  the  postero-lateral  pair  slightly  greater ;  and  the  distance  of  the  odd  anterior  is 
greater  than  that  of  the  anterior  pair,  but  less  than  that  of  the  posterior  pair. 

The  interradial  areas  are  narrow  and  band-like  towards  the  apex,  in  consequence  of 
the  size  of  the  petals.  The  ornamentation  of  the  interradia  on  the  outer  part  consists 
of  very  small  primary  scrobiculated  tubercles,  widely  6paced,  with  the  smallest  inter- 
spaces distinctly  greater  than  the  diameter  of  the  scrobicules,  and  others  not  unfrc- 
quently  twice  as  great  or  even  more.  The  interspaces  are  ornamented  with  very 
minute  and  very  widely  spaced  miliary  granules,  which  have  the  appearance  of  standing 
on  a  level  surface.  The  ornamentation  of  the  interporiferous  areas  is  much  more 
crowded  in  every  respect,  and  has  consequently  an  altogether  different  facies,  the 
elements  of  its  composition  being,  however,  the  same  as  those  just  noticed.  On  the 
actinal  surface  the  primary  scrobiculated  tubercles  are  larger  along  the  median  area  of 
the  interradia,  and  are  widely  spaced  there.  The  tubercles  diminish  greatly  in  size 
along  the  margins  of  the  deep  ambulacral  furrows. 

The  actinal  surface  is  subplane,  and  rather  abruptly  depressed  subcentrally  to  form 
a  moderately  deep,  but  not  widely  extending  cavity,  in  which  the  peristome  is  situated  ; 
the  interradia  at  the  brink  of  the  concavity  having  a  puffed  up  or  pulvinate  appearance, 
which  is  further  emphasized  by  the  deep  but  narrow  furrows  of  the  ambulacra.  These 
extend  from  the  peristome  up  to  within  a  very  short  distance  from  the  margin  ;  and  in 
some  examples  a  faint  continuation  may  be  traced  up  to  the  extreme  margin.  In 
large  examples  the  interradial  plates  have  their  transverse  sutures  very  faintly 
channelled  for  some  distance  from  the  ambulacral  furrow  and  the  surface  of  the  plates 
is  faintly  tumid— characters  which,  together  with  the  small  tuberculation  above  noticed, 
give  a  very  ornate  appearance  to  the  actiual  surface. 

The  peristome  is  small  and  subcircular,  sometimes  with  a  faint  tendency  to  a 
decagonal  form.  The  periproct  is  small  and  circular,  situated  rather  less  than  its  own 
diameter  away  from  the  margin. 

Variations.  In  general  structure  this  species  appears  to  be  more  constant  than 
usual  in  the  genus ;  there  is,  however,  considerable  variation  in  the  marginal  contour, 
and  this,  at  first  sight,  leads  to  the  supposition  that  the  form  is  more  variable  as  a  whole 
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than  it  really  is.  In  some  examples  the  interradial  incurvature  of  the  margin  is  only 
Blight,  and  the  general  outline  is  more  oval  than  pentagonal,  and  these  appear  to  be 
smaller  examples ;  in  others  again  the  breadth  is  nearly  equal  to  the  length.  The 
height  and  development  of  the  dome  varies  greatly  in  different  specimens  even  of  the 
same  size.  Not  unfrequently  examples  show  some  irregularity  in  the  form  of  the  out- 
line ;  one  of  these  has  been  figured  in  Plate  LVIII,  but  the  test  otherwise  is  perfectly 
typical  in  character  and  is  beautifully  preserved. 

Remarks.  In  many  respects  this  species  recalls  C.  profundus  (d* Arch.),  nobis  ;  but 
is  distinguished  by  the  strongly  incurved  margins  of  the  interradia,  by  the  closed  petals, 
which  have  also  poriferous  zones  of  different  form,  by  the  less  abruptly  rising  dome, 
and  by  the  subplane  actinal  surface,  with  the  abruptly  depressed  subcentral  concavity  ; 
the  character  of  the  tuberculatum  is  also  different.  The  present  form  is  very  nearly 
allied  to  C.  placunarius,  Agass.  (C.  humile,  Klein,  pars),  the  living  representative  of 
which  occurs  in  the  Indian  Ocean.  The  fossil  is,  however,  distinguished  by  the  more 
prominent  anterior  radius,  by  broader  petals  which  are  less  fully  rounded  at  the  extre- 
mity, by  the  greater  width  and  tumidity  of  the  interporiferous  area,  and  by  the  more 
or  less  abrupt  and  conspicuous  dome,  as  well  as  the  widely-spaced  ornamentation.  The 
closed  petals  are  very  characteristic  of  C.  suffarcinatus.  It  is  distinguished  from 
C.  latus,  Herklots, from  the  Tertiariesof  Java  (which  Michclin  has  united  to  C.  placu- 
narius), by  the  more  elongate  and  inflated  petals,  the  narrower  poriferous  zone,  and  the 
apparently  different  margin  of  the  test.  Our  form  has  also  some  alliances  with  the 
living  C.  subdepressus  (Gray),  Agass. ;  but  the  characters  above  noted  will  suffice  to 
diBtiuguish  it  It  is,  however,  unquestionably  more  nearly  related  to  the  living  than  to 
any  of  the  fossil  Bpecies. 

dimensions. 

Length  of  the  test    ...  90 
Breadth  of  the  test    .    .    .      77  5 
Height  of  the  test    ...  18 

Locality.  Kharak  Island,  Persian  Gulf,  near  Bushire.    Survey  number  G 

Illustrations  of  the  Species  in  Plate  LVIII. 

Fig.  1.  Abactinal  view  of  the  teBt:  natural  size. 

2.  Actinal  view  of  the  test :  natural  size. 

3.  Profile  view  of  the  test :  natural  size. 

4.  Part  of  an  ambulacral  area  and  adjacent  interradium :  magnified. 

5.  Part  of  the  margin  of  the  peristome :  magnified. 
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Sui/amiiy  LAG  AS  IN J2. 

The  LaganifUr,  as  amended  by  Alex.  Agassi z  (Rev.  Echini,  p.  616),  were  charac- 
terized by  him  as  follows : — "  In  this  subfamily  the  connection  between  the  two  floors 
is  made  by  walls  running  parallel  to  the  edge  of  the  test ;  well-develoj)ed  buccal  tubes ; 
petals  lanceolate ;  intcrambulacra  extremely  narrow  on  the  actinal  side  of  the  test ; 
ambulacra!  furrows  straight,  and  outline  more  or  less  pentagonal." 

Genus  LAGAN  UM,  Klein,  1734. 

I.  Lagancm  tcmidcm,  Duncan  &  Sladen.    Plate  LVIII,  Figs.  6-10. 

Marginal  contour  subpentagonal,  with  the  angles  well  rounded,  or  sometimes  with 
a  tendency  to  an  oval  form.  The  length  is  greater  than  the  breadth  in  the  proportion 
of  1  :  0  957  ;  and  the  greatest  breadth  is  in  a  line  with  the  termination  of  the  antero- 
lateral petals.  The  general  form  is  depressed,  but  the  edges  are  thick  and  swollen, 
forming  a  broad  tumid  border  to  the  abactinal  surface,  between  which  and  the  slightly 
convex  central  region  there  is  a  distinct  depression.  The  tumid  border  has  the 
appearance  of  being  bevelled  towards  the  margin,  and  the  summit  of  the  test  is  only 
very  slightly  higher  than  the  tumid  border.  The  actinal  surface  is  subplane,  or  very 
faintly  concave,  slightly  and  abruptly  depressed  round  the  peristome. 

The  apical  system  is  subccntral  and  small,  having  its  central  area  ornamented  with 
small  scrobiculated  tubercles,  and  the  madreporiform  cleft  sigmoid  or  flexuous  in  out- 
line. The  ocular  pores  are  very  small  and  frequently  placed  at  the  side  of  a  small 
tubercular  elevation.  The  ambulacral  petals  are  long,  and  extend  up  to  the  flank  of 
the  tumid  border ;  they  are  lanceolate  in  outline,  the  zones  converging  towards  the 
outer  extremity,  which  is  almost  closed,  in  fact  in  some  examples  may  be  described  as 
completely  so.  At  the  apical  extremity  the  petals  appear  wide  and  open.  Sometimes 
the  interporiferous  area  is  faintly  inflated,  especially  near  the  apical  end.  The  odd 
anterior  petal  and  the  postcro-latcral  pair  are  subequal  in  length,  and  slightly  longer 
than  the  antero-laterul  pair,  and  the  odd  anterior  is  sometimes  slightly  narrower  than 
the  other  petals,  but  not  invariably  so.  The  greatest  width  of  the  paired  petals  is 
rather  nearer  the  apex  than  midway  between  the  extremities,  and  is  proportional  to 
the  length  as  2:5,  the  actual  dimensions  of  the  postero-lateral  petal  in  the  type 
specimen  being  15  millim.  long,  and  its  greatest  breadth  6  millim.  The  poriferous 
zones  are  narrow  at  the  apical  extremity,  but  increase  rapidly  in  width  as  they  proceed 
outwards,  and  decrease  again,  but  only  slightly,  along  the  outer  third  or  fourth  of  the 
zone.  Both  the  inner  and  the  outer  pores  are  small  and  subpyriform,  and  are  united 
by  a  distinct  but  very  narrow  conjugating  furrow  ;  the  intermediate  costs  are  low  and 
comparatively  broad,  and  are  ornamented  with  2-3  small  scrobiculated  tubercles  and 
some  minute  miliar)1  granules  forming  a  serial  line ;  sometimes  the  primary  tubercles 
are  aborted,  and  there  is  then  a  single  line  of  miliarics.  The  broadest  part  of  the  pori- 
ferous zone  is  16  millim.,  and  is  more  than  half  the  width  of  the  interporiferous  area 
at  that  place,  which  is  rather  nearer  the  outer  end  than  midway  between  the  extremities. 
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The  widest  part  of  the  interporiferous  area  lies  within  the  apical  third  of  the  petal  and 
measures  3*5  millim.,  and  the  area  contracts  very  slightly  towards  the  apex. 

The  interradial  areas  are  very  narrow  and  band-like  near  the  apex,  and  are 
extremely  narrow  on  the  actinal  surface.  The  ornamentation  consists  of  very  small 
scrobiculated  tubercles  widely  spaced,  the  intervening  surface  covered  with  very  small 
uniform  miliary  granules  comparatively  widely  spaced.  The  scrobicules  of  the  inter- 
poriferous areas  are  more  closely  placed  than  in  the  interradial  areas ;  and  the 
primary  tubercles  on  the  actinal  surface  are  slightly  larger  than  on  the  abactinal 
surface,  but  decrease  in  size  as  they  approach  the  median  radial  furrow. 

The  peristome  is  very  small  and  subcircular,  with  a  faint  decagonal  tendency,  and 
the  surrounding  test  is  slightly  but  abruptly  depressed  towards  its  margin,  forming  a 
steeply  inclined  bevel.  Along  the  median  radial  lines  is  a  well-defined  but  rather 
shallow  furrow,  which  extends  from  the  peristome  nearly  to  the  margin,  dying  out 
gradually.  At  the  extremity  of  each  groove  in  the  inclined  peristomial  margin  is  a 
pair  of  well-developed  buccal  pores  ;  and  behind  these,  along  the  median  radial  line  of 
the  furrow,  there  is  frequently  a  uniserial  line  of  granules  extending  for  a  considerable 
distance  from  the  peristome;  but  they  are  not  always  present. 

The  periproct  is  small  and  circular,  very  nearly  as  large  as  the  peristome,  and  the 
space  between  the  outer  edge  of  the  aperture  and  the  posterior  margin  of  the  test  is 
exactly  one  third  of  the  distance  between  the  margin  and  the  peristome. 

In  broken  tests  the  internal  columnar  walls  running  parallel  to  the  margin,  which 
are  characteristic  of  the  genus  Laganum,  are  well  seen. 

Variations  and  young  Stages.  The  general  characters  of  this  species  are  on  the 
whole  remarkably  constant,  though  naturally  a  certain  amount  of  variation  may  be 
observed  in  a  large  scries.  This  chiefly  affects  the  marginal  contour,  and  the  amount 
and  character  of  the  marginal  tumidity,  and  is  probably  in  great  part  associated  with 
the  varying  stages  of  growth— smaller  examples  being  less  strikingly  pentagonal,  and 
with  a  more  or  less  definite  tendency  to  a  suboval  contour ;  in  these,  again,  the  tumid 
border,  though  still  definite,  is  less  developed,  and,  instead  of  showing  the  bevel  to  the 
margin  so  characteristic  of  large  specimens,  is  more  tumidly  rounded.  In  the  smallest 
examples  the  convexity  and  height  of  the  central  region  of  the  abactinal  surface  is 
proportionally  slightly  greater  than  in  the  adult  forms,  and  sometimes  also  the  con- 
cavity of  the  actinal  surface  is  more  noticeable.  On  the  whole,  however,  the  characters 
of  the  young  form  are  so  well  defined,  that  there  is  no  difficulty  in  recognizing  the 
species  in  small  examples  15  millim.  in  length. 

Remarks.  The  form  which  appears  to  be  the  most  nearly  related  to  this  species  is 
the  living  L.  depressum,  from  which,  however,  it  is  readily  distinguished  by  its  greater 
thickness,  by  the  remarkably  tumid  border,  by  the  greater  prominence  of  the  margin 
anteriorly,  and  by  the  well-rounded  posterior  radial  angles. 

Dimensions.  Length  of  the  test  47  millim.,  breadth  45  millim.,  height  10  millim. 

Locality.  Khnrak  Island.    Sum) -number  G  31i. 
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Illustrations  of  the  .Spenes  in  Plate  LVIII. 

Fig.  6.  Abactinal  view  of  the  test :  natural  size. 

7.  Actinal  view  of  the  test :  natural  size. 

8.  Apical  system :  magnified. 

9.  Ornamentation  of  the  abactinal  surface :  magnified. 

10.  Portion  of  the  test  in  the  region  of  the  peristome:  magnified. 

Family  SCUTELLIDJF. 

Genus  ECHINODISCUS,  Breynius  (Lesie  emend.). 

We  follow  the  description  of  this  genus  which  is  contained  in  the  *  Revision  '  by 
A.  Agassiz,  p.  531. 

There  is  a  large,  but  unfortunately  incomplete,  form  in  the  collection  which  differs 
very  slightly  from  Echinodiscua  auritua,  Lcske.  The  length  is,  however,  slightly  in 
excess  of  the  breadth,  and  the  postero-lateral  expansion  is  only  slight. 

1.  EcnmoDisccs  acritus,  Leske,  var. 

Locality.  Kharak  Island.    Survey-number  Q  *f  * 

Family  8PATANQIDAZ . 

Subfamily  SPA  TAXQM& 

Many  fragments  of  Echinoidea  belonging  to  this  subfamily  occur ;  but  none  are 
sufficient  to  enable  us  to  give  a  generic  or  a  specific  name  to  them.  The  only  form 
which  may  be  named  with  doubt  is  a  very  interesting  one,  for  it  has  the  character  of  a 
young  Breynia.  It  has  six  tubercles  in  a  lateral  interradium  and  the  peculiar  ambulacra 
of  the  genus;  but  no  fascioles  exist,  and  the  greater  part  of  the  apical  system  is 
covered  with  a  very  adherent  matrix. 

locality.  Uenjam  Island.    Survey-number  G  af>. 

IV.  Remarks  on  the  Species. 

The  species  of  Cidaris  from  the  Persian  Gulf  are  very  modern-looking,  and  one 
which  has  Goniocidaridean  alliances  is  very  probably  the  same  as  Goniocidaris  affinis, 
nobis,  from  the  Miocene  of  Kachh.  There  are  some  doubtful  points  about  the  species, 
however,  and  we  have  not  thought  it  advisable  to  give  the  specimen  a  name.  It  appears 
to  be  an  extinct  form.  The  true  Cidaris  from  the  Makran  beds  is  allied  to  the  Miocene 
species  of  Kachh  and  Kattywar,  and  somewhat  to  those  of  Gaj  ;  but  the  species  has  its 
characteristics,  and  when  a  perfect  specimen  is  found,  doubtless  the  affinity  will  be 
shown  to  be  with  the  Tertiary  rather  than  with  the  recent  species. 

The  numerous  radioles  indicate  a  number  of  Goniocidaris-hke  forms,  and  we 
regret  the  meagre  nature  of  the  collection  of  tests. 

It  is  interesting  to  find  parts  of  such  a  fragile  urchin  as  a  Salmacis  in  the  col- 
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lection,  and  the  species  is  allied  to  S.  Dusmmieri,  Agass.  The  small  Temnoplturi  are 
common,  and  the  species  is  nearly  allied  to  Salmans  in  its  affinities,  although  it  is 
a  true  Temnopleurus.    But  it  is  an  extinct  form  with  small  sutural  grooves. 

The  species  of  Clypea&ttr  described  is  very  common  at  Kharak  Island  and  charac- 
terizes the  deposit.  It  is  not  a  recent  form,  but  is  closely  allied  to  C.  placunarius, 
Agass.,  and  to  C.  subdepressus,  Gray.  The  closed  condition  of  the  petals  is  interesting. 
A  Laganum  is  very  common,  and  is  distinguished  from  the  living  species  L.  depressum  by 
a  remarkable  tumid  border.  The  Echinodisci  are  fragmentary,  and  one  must  be  associ- 
ated with  E.  auritus.  These  forms,  taken  with  the  fragmentary  and  unsatisfactory 
Spatangoids,  give  a  comparatively  recent  appearance  to  the  fauna  and  its  fades,  which 
is  certainly  younger  than  that  of  the  Miocene  deposits  of  Western  India. 
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re  1.  CidariSj  sp.    A  part  of  a  test,  natural  size  (page  372). 

2.  Ambulacra!  plates,  magnified. 

3.  Coronal  plate*  of  a  species  of  ClD.tma,  magnified  (page  373). 
■4.  Portions  of  a  Salmacis,  magnified  (page  374). 

r>   Temsopleiris  simplex,  Duncan  and  Sladen  (page  373).    Tlic  test,  natural  size. 
C.  Part  of  the  hist  near  the  peristome,  slightly  magnified. 
7.  Ambulacra!  plate,  magnified. 
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Spines  or  Cidarid.c  (pages  373,  371;. 


Figure  1.  Front  view  of  a  tall  spinulosc  radiole,  with  a  shallow  cup  at  the  top  surrounded  by 
stout  spinulcs,  natural  MR. 

2.  Back  view  of  the  same,  uutural  size. 

3.  Front  view  of  a  more  stunted  and  flatter  radiole,  with  close  and  short  spitmles,  natural 

size. 

1.  Hack  view  of  the  saute. 

5,  Side  view,  showing  the  cup,  natural  size. 

6,  8,  II,  aud  12.  Front  views  of  radioles  of  the  same  type,  natural  size. 

7,  9,  13.  Hack  views  of  the  same,  natural  size. 

10.  Back  view  of  a  radiole  and  its  base;  the  latter  is  magnified, 
14.  A  small  radiole,  natural  size. 
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PLATE  LVIII. 


Figure  1.  Clvpeastb*  scfparcixatus,   Duncan  and    Sladcn.      Abactinal   view,   natural  »i 
(page  376). 

2.  Aetinal  view,  natural  sue. 

3.  Profile  view,  natural  size. 

4.  Part  of  an  ambulacrum  anil  adjacent  interradium,  magnified. 

5.  Part  of  the  margin  of  the  peristome,  magnified. 

0.  Laoavcm  TUMini  M,  Duncan  and  Sladcn  (page  :I7!>).    Abactinal  view,  natural  sixc. 
7.  Aetinal  view,  natural  size. 
K.  Apical  »ystem,  magnified. 

1).  Ornamentation  of  the  abactinal  surface,  magnified. 
10.  Part  of  the  test  near  the  peristome,  magnified. 
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